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A STUDY OF ACHONDROPLASIA * 
INTRODUCING A NEW SYMPTOM —A WEDGE-SHAPED VERTEBRA 


THOMAS FOSTER WHEELDON, A.M., M.D. 


RICH MOND, VA. 


INTRODUCTION 


Ita P. appeared in the orthopedic outpatient department of the 
Children’s Hospital for treatment because of a “bunch” on her back. 
As usual, a roentgen-ray examination was made. The plates showed 
widely separated vertebral bodies with a peculiar wedge-shaped ver- 
tebra at the point of the “bunch.” As this did not seem to be due to 
any of the more common processes, further study was instituted. 

Following this, Jansen’s “Achondroplasia” was studied, and it was 
while studying this that the idea suggested itself that the peculiar 
wedge-shaped vertebra might easily be a result of his “amnio pressure,” 
although he makes no mention of this condition. Furthermore, the 
significance of the following statement of G. Elliot Smith (of the 
University of Manchester) became evident. “His (Jansen’s) hypoth- 
esis cannot fail to serve the even greater purpose of stimulating 
research, by giving a new point of view, an illuminating suggestion, 
which is certain to become the nucleus of a whole series of investi- 
gations.” 

The whole work has been done under the helpful supervision of 
Dr. Robert W. Lovett, who first suggested that the wedge-shaped ver- 
tebra be studied further, and who added that Jansen’s conclusions 
might shed some light on the subject. To him is due full credit for 
stimulating the present inquiries. 

The roentgen-ray examinations were made by Miss Dorothy Weil 
of the roentgen department of the Children’s Hospital. Mr. J. V. 
Footman developed and reduced the plates. 


* Because of lack of space, a large number of figures have been omitted. 
In the original article, there are complete series of photographs of front, side 
and back views of each of the children with photographs of most of the hands 
and feet individually. Also there is a roentgenogram of every bone of 
each child. 

For comparison, two complete photographic and roentgenologic series of 
normal children are shown. 
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In measuring the cases the method of Dr. Joseph I. Grover of 
Boston was used. 

I take this opportunity to thank the trustees, who through Miss 
I. C. Smith, superintendent, placed at our disposal the facilities of 


the Children’s Hospital, where all the cases were studied. 
REVIEW OF LITERATURE 


G. Elliot Smith (1912) has the following to say of dwarfs: 

“Nearly fifty centuries ago the most treasured gift the general in 
command of an Egyptian Expedition brought for his Pharaoh from a 
foreign country was a dwarf to entertain him and his court by his 
antics (Schiaparelli: Una Tomba Egiziana inedita della Via Dinastia, 
Rome, 1893), and from that time onward throughout the ages, even 
until the present day, the quaintness and not overdelicate wit of the 
dwarf have ever secured him a place in the court of the ruler of Egypt. 

“Moreover, the ancient Egyptians selected the dwarf with his mis- 
shapen head and limbs as the prototype of Bes, their god of sexual 
intercourse (Quibell: Excavations at Saqqara, 1905-1906, Cairo 
Museum Reports) and they represent him with genitalia of phe- 
nomenal proportions —a fact which assumes special significance in 
the light of the discussion to be found in this (Jansen, 1912) mono- 
graph. 

“From this it is evident that the distinctive structural peculiarities 
and functional proclivities of the dwarf have been realized from the 
very dawn of history; and no doubt even long before man learned to 
record his thoughts in written characters he had become familiar with 
the achondroplastic. But the problem of explaining the genesis and 
significance of the curious series of physical and mental traits peculiar 
to the dwarf has always baffled the investigator, even though many of 
the greatest clinicians, pathologists and embryologists of the last cen- 
tury have attempted to resolve its difficulties. 

“The recent appreciation of the marvelous influences exerted in 
ways so manifold by the internal secretions of a whole series of organs 
has not unnaturally riveted attention mainly on such factors as the 
influence of the pituitary body, the thyroid and the sexual organs for 
an explanation of nanism. But so far the pursuit has been in vain.” 

Murk Jansen (1912) adds: “From the earliest times recorded in 
history we meet with scattered instances of dwarfs; thus the ancient 
Egyptians worshipped the god “Ptah” (Porak et Durante, 1905), who 
shows (that) stunting of the extremities characteristic of achondro- 
plasia. In the Middle Ages we find achondroplasts at court as ‘fools.’ 
The grotesque proportions of these otherwise healthy and ever robust 


individuals, as well as their liveliness and perhaps a suspicion of impu- 
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dence, which often characterizes them, may have rendered them par- 
ticularly fitted for this position. 

“In recent times the lot of dwarfs, no longer found in palaces and 
temples, has been cast amid less exalted surroundings ; but, on account 
of their sense of the burlesque, they afford a lively source of amuse- 
ment in various places of public entertainment. 

















Fig. 1—Emily S. Total length 70.4 cm. This picture shows: (a) the 
brachycephalic head; (b) the broad face; (c) the flattened and sunken nasal 
bridge; (d) the cretinistic facies; (e) the rather short neck: (f) the short 
extremities; (g) the large amount of subcutaneous fat. 

“During the last forty years this remarkable form of dwarf growth 
has so far attracted the attention of scientists as to secure their careful 


study in tracing its causes. An extensive literature on the subject has 


arisen, in which the dwarf is described by almost twenty different 
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names, most of them borrowed from the Greek. From this it is 
evident that each investigator formed his own idea of its nature, but 
failed to procure convincing proofs.” 

Parrot (1878) first used the terms “achondroplasia” in describing 
the affection which he recognized as an independent form of disease 
in a number of fetuses. This term was adopted by Porak (1891) and 
P. Marie (1900) in their papers. Osler (1897) says, “On August 4, 
1886, when at Cacouna in the Province of Quebec, I was asked to see 
two cretins, and found them remarkable rhacitic dwarfs belonging to 
this type,” and “it was some years later that I learned the true nature 
of the affection, namely, the chondrodystrophia foetalis.”” Osler also, 








Fig. 2—Emily S. This picture shows the “main en trident” and prominent 


epiphyses. 


with others, for years used the term “fetal rickets.” Kaufmann 
(1892), in the meantime, described the pathologic condition in achon- 
droplasia and adopted the name “chondrodystrophia.” “It is,” he 
says, “a disturbance of the endochondral ossification while the ossifi- 
cation on the side of the periosteum is perfectly normal.” He dis- 
tinguished three forms: (1) chondrodystrophia hypoplastica, in which 
the principle element is a simple cessation in the growth of the cartilage ; 
(2) chondrodystrophia malacica, in which the arrest of the growth is 
dependent on the softening of the cartilage; (3) chondrodystrophia 
hyperplastica, in which we are concerned not simply with an arrest 
of the growth of the cartilage, but with an excessive growth abnormal 
in its direction (Bullard and George, 1908). Jansen (1912) prefers 
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the name achondroplasia for he says, “Kaufmann in Germany after- 
wards adopted the name “chondrodystrophia,” thereby indicating that 
the affection is distinguished less by an absence of the ‘cartilage’ than 
by a disturbance of its nutrtion. In what follows we shall, however, 
see that, on the one hand, the trophic disturbance may leave some 
cartilaginous formations unaffected, while, on the other hand, it may 


extend even to bones formed in membrane. We shall, therefore, for 





Fig. 3—Emily S. Roentgenogram showing: (a) the brachycephalic head; 
(b) the small sella turcica; (c) the narrowed nasopharynx. 


the present, keep to the name sanctioned by use — achondroplasia, 
by which we understand an affection characterized by a congenital 
shortness of the extremities and the base of the skull.” Although at 
present the terms “achondroplasia,” “fetal rickets,’ and “chondro- 
dystrophia” are used interchangeably (Bradford and Lovett, 1915; 
Whitman, 1917), most writers’ descriptions of the disease agree more 
fully with that of Jansen, and it seems only consistent to use the name 
he so well vindicates. 
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Morse (1902) in reviewing the American cases, says, “Very few 
cases of this condition have been reported in this country and the 
diagnosis of several of these is open to considerable doubt.” For the 
sake of completeness, I have included his cases in my bibliography, 


and in addition all other American and foreign cases I could find. 


REVIEW OF JANSEN’S ““ACHONDROPLASIA” 


Jansen (1912) has so skillfully arranged the mass of facts con- 
cerning achondroplasia that it seems most profitable to consider our 
own cases in the light of his work. For that reason, the first main 
division of his memoir, “The Nature of Achondroplasia,” will be 
reviewed now. The second main division, “The Cause of Achondro- 
plasia,” will be reviewed later. 

Jansen divided the nature of achondroplasia into two groups of 
symptoms: (1) Those of dwarf growth, and (2) those which are the 
result of infolding. “The former,” he says, “are quite obvious and 
lend themselves to the recognition of the achondroplast even at a dis- 
tance. The latter, on the contrary, are less conspicuous, and have thus, 
for the greater part, passed unnoticed hitherto. It is these very 
mechanical malformations, however, which will prove useful in tracing 
the cause of achondroplasia.”’ 

The symptoms of dwarf growth include those involving the 
extremities, pelvis, vertebral column, thorax and other parts. The 
extremities are too short, while the trunk is equal in development to 
that of a normal child of the same age. 

He says, “Notice that the shortness of the extremities is not due to 
any crookedness or bending of the bones, as in rickets or osteomalacia, 
nor the result of multiple fractures, as in osteogenesis imperfecta ; 
nor is it due to absence of the proximal parts, as in phocomelia or 
congenital deficiency of the femur, and so forth; nor of the distal 
parts, as in congenital amputations and in hemimelia. All the bones 
are present, scarcely or not at all bent; they are simply too short. 
This shortness affects the proximal more than the distal parts of the 
extremities, and is called “micromelie rhizomeliaue,”’ although, as 
appears in the comparatively broad hand and short fingers, the periph- 
eral parts are not unaffected.” 

“The “main en trident” is present, the second and fifth meta- 
carpals diverging more than the normal 32 degrees, and usually as 
much as 40 degrees. The fingers do not group themselves about the 
middle finger. In addition, the bones of the achondroplastic hand are 
not only too short, but also too slender, the latter in a less degree 
than the former. The pelvis lags behind in development, when com- 


pared with the other parts of the trunk. The pelvis is small in pro- 
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Fig. 4—Emily S. Roentgenogram showing what Jansen says is a tendency 
of the organs of achondroplasts to be “gaseous.” 
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portion to the size of the body, its cavity is funnel shaped, and the alae 
ossium ilii are relatively poorly developed. 

The vertebral column is often affected. Its length may not be 
more than one half that of the normal. Occasionally, the size of the 
vertebral bodies diminishes from neck to sacrum. 

The skull, even in the most serious form of achondroplasia known, 
escapes the dwarf growth. It may be deformed, having a backward 
basis cranii, more (unossified) cartilage in the petrosal parts of the 
temporal bones and the basilar, and a short hard palate, but it does 
not become dwarfed. 

The chest is often shortened and consequently is too small for the 
proper accommodation of the vital organs. The caudal circumference 
is pressed upward, so that the sternum is directed almost horizontally 
and its shape comes to resemble a calotte. 

The skin is often loose and arranged in oblique and transverse 
folds reminding one of a pair of knickerbockers 

Achondroplasia occurs in various degrees; in the most serious 
forms the growth of the oldest parts of the skeleton (the whole of the 
vertebral column) is defective. They are not viable. Only the slighter 
forms may survive; in them the trunk reaches the normal length, or 
very nearly; it is chiefly the extremities — with the pelvis —that are 
affected. 

Henri Dufour (1906) recently described “atypical forms of achon- 
droplasia.” These include forms in which the extremities are only 
very slightly shortened, and forms in which the fourth metacarpal or 
metatarsal bone is relatively short in otherwise perfectly normal indi- 
viduals (Chevallier (1910). Jansen would prefer substituting “slight- 
est” for “atypical” and apply it to the former. The latter forms he 
would group in the manifold forms of kakomelia. 

In addition to the characteristic phenomena of growth disturbance 
in achondroplasia there are often present a group of symptoms con- 
nected with sex. A two-year-old girl may have well developed pubic 
hair. The sexual appetite may be enhanced. 

Let us now turn to the symptoms of infolding. These appear to 
be the direct result of mechanica! forces modifying the form of the 
fetus. 


While, as we have seen, except in the more severe forms, the 
dwarfing process spares the skull, it is the skull that is most affected 
by the mechanical malformations. The basis cranii is shortened while 
the breadth of the skull exceeds the normal — brachycephaly (Parhon, 
Shunda and Zalplachta, 1905). The height of the skull is often 
increased and the circumference enlarged. Jansen (1912) says that 
the intellect is often normal and may be above the average; but 
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Parhon, Shunda and Zalplachta observed that it usually stands in 
inverse proportion to the circumference. Kaufmann (1892) very 
clearly pictures the malformation found in the skull. In all of his 
figures the shortening of the basis cranii and in some of them the 
premature fusion of its parts, are to be seen. It seems, however, that 
both he and Virchow overlooked the causes of these conditions. In 
explaining these facts Jansen (1912) advances the supposition that 
during its fetal development the achondroplastic skull is submitted to a 
pressure in front, against the face, and behind, against the occiput. 
The consequence of this pressure is: 

1. That the nasal bone and the squama occipitalis approach each 
other; that the skull and its base are shortened, thus causing the 
ossification centers of the basilar bone to come too close together in 


an early stage. 





Fig. 5—Ita P. Aged 11%». years. Total length 78.3 cm. This picture 
shows the dorsolumbar kyphos which does not disappear even on lying down. 


2. A lessening of the sagittal dimensions of the mouth cavity with 
a displacement of the hard palate toward the basis cranii (a narrowing 
of the choanae). 

3. Either a kyphosis baseos cranii or a sagittal narrowing of the 
foramen magnum. 

As a result there may be either a depression of the nasal bridge 
only or a flattening of the nose in toto. The narrowing of the choanae 
may cause a noisy, snoring respiration and may be mistaken for adenoid 
vegetations. 

With the change in the shape of the skull the brain conforms so 
that when laid by the side of a normal brain of the same age the 
characteristic deformity is easily seen. 

In addition the sella turcica may be reduced in size even to total 
obliteration, and, regarding the pituitary body which lies in it, Jansen 
draws the conclusion from a review of the literature that it is reduced 
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in size in the serious cases of achondroplasia, and little or not at all in 
the slightest forms. 

Turning now to the spine, we recognize the malformation by which 
the achondroplast is distinguished from the normal. The three sagittal 
curvatures which occur in the normal spine of new-born infants are 
not present. The spine may be curved backward, the normal lumbar 








Fig. 6.—Ita P. Roentgenogram showing: (a) the brachycephalic head; 
(b) the narrowed nasopharynx; (c) the kyphosis basis cranii; (d) the queer 
angle of the sella turcica; (e) the tendency for the alveoli to project backward. 


lordosis being replaced by a dorsolumbar arcuate kyphosis. This is 
often first noticed in infants because they lie “bent-up” and may persist 
to adult life where it seems to be a more constant symptom of achon- 
droplasia even than the depression in the nosebridge which is not 


infrequently missing. 
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REPORT OF CASES 


Case 1.—Emily S.; Age, 1%12 years; Italian parentage. 

Family History.— Negative for tuberculosis, rheumatism, joint diseases, 
central nervous system disturbances and venereal diseases. No other deformity 
in the family. 

Patient’s History—Negative. Denies any previous illness. 

Present Illness—Mother brings the child into the hospital because of a 
“bump on her back.” Duration of life. Child recommended to house for study. 

Physical Examination.—General; poorly developed but well nourished child. 

Head: Brachycephalic, prominent frontal bosses, open anterior fontanel, 
broad face, flattened and sunken nasal bridge, cretinistic facies. 

Neck: Rather short. 

Upper Extremities: Very short for length of trunk, epiphyses easily felt. 

Chest: Harrison’s groove and rosary present, the sternum projects for- 
ward at an increased angle, the nipples are noted to be very high. 

Abdomen: “Pot-belly,” liver and spleen palpable. 

Spine: Definite low dorsal rounded kyphos on sitting and lying. 

Lower Extremities: Very short for length of trunk, epiphyses are easily 
felt, legs held in abduction when lying on back, an enormous amount of fat 
hangs from the legs like pantaloons. 

Neuromuscular: Child cannot walk or stand so far as is known, child 
sits in leaning forward posture usually, supporting the body by the hands 
resting on the knees. 

Measurements.—See table. 

Laboratory Examination.—Tests for tuberculosis and syphilis were negative. 

Mental Examination.—Intelligence normal for age. 

Case 2,—Ita P.; 14%» years; Italian parentage. 

Family History.—Negative for tuberculosis, rheumatism, joint diseases, cen- 
tral nervous system disturbances and venereal disease. Four other children 
living and well. No other deformities in the family. 

Patient’s History—Negative. Denies any previous illness. Normal birth 
history. 

Present Illness—Mother brings the child to the hospital because of a “bunch 
on its back” present since the age of 2 months. The “bunch” has been grow- 
ing larger. Child recommended to house for study. 

Physical Examination.—General: fairly well developed and nourished baby. 
Head: Brachycephalic, marked prominence of the parietal and temporal bosses, 
broad face suggestive of cretinism, broad nasal bridge, ears project noticeably 
from the sides of the head. 

Neck: Slightly shortened. 

Upper Extremities: Short for length of trunk, marked epiphyseal enlarge- 
ment, enormous amount of fat hanging from arms, fingers seem thickened. 

Chest: Marked rosary and moderate Harrison’s groove, sternum projects 
forward at an increased angle, nipple line is very high. 

Abdomen: “Pot-belly,” liver palpable. 

Spine: Marked rounded kyphos in the midlumbar region. 

Lower Extremities: Short for length of trunk, abduction limited to 79 
degrees, trochanters 2 cm. above Nélaton’s line, moderate anterolateral bowing 
of the femora, slight lateral bowing of the tibiae, large amount of subcu- 
taneous fat. 

Neuromuscular: Child cannot walk or stand so far as is known, child 


leans forward when sitting, usually supporting the body by the hands resting 
on the knees. 


Measurements.—See table. 
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Laboratory Examination.—Tests for tuberculosis and syphilis were negative. 

Mental Examination.—Intelligence normal for age, aithough child seems to 
be both deaf and dumb. 

Case 3—Frank B.; age, 4% years; Swedish parentage. 

Family History—Negative for tuberculosis, rheumatism, joint diseases, cen- 
tral nervous system disturbances and venereal disease. Mother had one mis- 
carriage and one still-birth before birth of this child. One other child living 
and well. No other deformities in the family. 





Fig. 7—Ita P. Roentgenogram showing: (a) the short clubby humerus 
with evidence of an old fracture; (b) the short ulna and radius with flaring 
diaphyseal ends; (c) “main en trident”; (d) the short, thin bones of the hand. 


Patient’s History—Full term, normal delivery. Weighed 12 pounds at birth. 
Mother noticed at birth that the bridge of the nose was very much sunken. 
There was some disproportion of trunk and extremities. Breast fed until 
7 months of age and then given modified milk. Did fairly well. Measles at 
1 year of age. Frequent colds in the nose and sometimes there was a bloody 
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discharge. Walked at 12 months of age. Talked late but is very bright for 
his age. Tonsils and adenoids removed at 3 years of age. Has frequent dis- 
location of left elbow joint. 

Present Illness—Mother brings child into hospital because of lack of growth, 
shortness of extremities, and dislocation of left elbow. Duration for life. 

Physical Examination.—General: well developed and nourished boy with 
bright appearance. 

Head: Large, prominent bosses, bulging forehead, anterior fontanel just 
closing, broad sunken nasal bridge, projecting ears. 

Neck: Negative. 

Upper Extremities: Short for length of trunk, marked epiphyseal enlarge- 
ment, elbow shows slight limitation of motion, unable to extend forearm fully. 

Chest: Negative, except for depression at ensiform and increased forward 
projection of the sternum. 

Abdomen: Distended, otherwise negative. 

Spine: Negative. 

Measurements.—See table. 

Laboratory Examination.—Tests for tuberculosis and syphilis were negative. 

Mental Examination.—Intelligence normal for age. 

Case 4.—Dorothy A.; age, 642 years; Irish parentage. 

Family History.—Negative for tuberculosis, rheumatism, joint diseases, cen- 
tral nervous system disturbances and venereal disease. Two sisters living and 
well. No other deformity in the family. 

Patient’s History—Full term, normal delivery. Birthweight, 8% pounds. 
Breast fed for nine months. Measles at 2 years of age. 

Present Illness—Comes to hospital because of knock knees of one year’s 
duration. 

Physical Examination.—General: well developed and nourished girl. 

Head: Negative. 

Neck: Negative. 

Upper Extremities: Short for length of trunk, hands are spade-like in 
shape with a scar where a sixth finger has been removed at the sixth meta- 
carpophalangeal joint of each hand; all finger nails are under developed. 

Chest: Negative. 

Abdomen: Prominent and very long. 

Spine: Six lumbar vertebrae. 

Lower Extremities: Short for length of the trunk, double knock knee 
deformity; on the inner side of each tibia there is a nodule of bony hard- 
ness about one inch in diameter projecting from the bone at the upper epi- 
physeal line, there are six toes on each foot with syndactylism of the second 
and third. 

Neuromuscular: No disturbances. 


Measurements.—See. table. 
Laboratory Examination.—Tests for tuberculosis and syphilis were negative. 
Mental Examination.—Intelligence normal for age. 


Case 5.—Beatrice R.; age, M2 years; Irish parentage. 

Family History.—Negative for tuberculosis, rheumatism, joint diseases, cen- 
tral nervous system disturbances and venereal disease. One brother living and 
well. Mother had one miscarriage at fourth pregnancy from unknown cause. 
Two brothers dead of “cholera infantum” and one dead of convulsions at 
6 months. No other deformities in the family. 


Patient’s History—Full term, instrumental delivery, birth weight 5 pounds. 
Breast fed for one year. Pneumonia and relapse at 2 years of age. Pertussis 
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at 3 years of age. Measles and pneumonia at 7 years of age. Chickenpox and 
bronchitis at 8 years of age. Constipated most of the time. 

Present Illness—Brought to hospital because of knock-knees of three years’ 
duration. Mother Says child was queer even at birth. 

Physical Examination.—General; well developed and well nourished girl. 

Head: fairly large and square; forehead prominent and well marked frontal 
bosses; poor teeth which are notched; slight prognathia; hoarse voice. 

Neck: negative except rather short. 

Upper extremities: humeri are short and thick; carrying angle is much 
exaggerated; hands are short, fat and thick; fingers are short and there is an 
increase of space between the index and middle fingers of both hands; the 
finger nails are thick and resemble horn; the left hand shows a linear scar 
where a sixth finger has been removed. 

Chest: flat and narrow, flaring of lower ribs and Harrison’s groove, irreg- 
ular shortened clavicles. 

Abdomen: protuberant. 

Spine: negative. 

Lower extremities: short for length of the trunk; excessive knock-knees ; 
enlarged ends of the diaphyses at the ankles; feet are very short; great toes 
are normal in length but the four small toes on both sides give the appearance 
of the bones being too short for the growth of the soft parts; all toe nails 
show horny overgrowths. 

Neuromuscular: on standing, child has marked lordosis, walks with peculiar 
gait because of knock-knee deformity and flat feet. 

Measurements.—See table. 

Laboratory Examination.—Tests for tuberculosis and syphilis were negative. 

Mental Examination—Child very intelligent for age. 

Case 6.—Basiliki S.; age, 10 years; Greek parentage. 

Family History—Negative for tuberculosis, rheumatism, joint diseases, cen- 
tral nervous system disturbances and venereal disease. Four other children 
living and well. No other deformities in the family. 

Patient's History—Full term. Normal delivery. Birth weight, 12 pounds. 
Breast fed for one year. Has had no illness. 

Present Illness—Mother brings child to hospital because she does not grow 
large like her other children. 

Physical Examination.—General; poorly developed but well nourished girl. 

Head: large and square with prominent forehead and bosses; nasal bridge 
sunken; cretinistic facies. 

Neck: rather short. 

Upper extremities: very short for length of trunk, marked epiphyseal 
enlargement. 

Chest: moderate rosary and Harrison’s groove, nipple line is very high and 
angle of sternum increased so that sternum projects almost horizontally. 

Abdomen: tendency to “pot-belly.” 

Spine: negative except for lordosis on standing. 

Lower extremities: too short for length of trunk; marked epiphyseal enlarge- 
ment; rather too much subcutaneous fat. 

Neuromuscular: negative. 

Measurements.—See table. 

Laboratory Examination.—Tests for tuberculosis and syphilis were negative. 


Mental Examination.—Intelligence normal for age. 
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TABLE 1.—CoMPARING MEASUREMENTS OF ACHONDROPLASTS WITH THE 
MEASUREMENTS OF NoRMAL CHILDREN 








Cireum- Cireum- 
Age, Weight, ference ference  Height,| Length Length 





Lears Lbs. oO of Cm. of Arm, of Leg, 

Head, Thorax, Cm. Cm. 

Cm. Cm. 
TS iso avcaneseeesuaaneios 1 8/12 25 8/16 45.0 42.5 70.4 24.1 30.0 
IE wincns csccdcenume~nesl peeves. t sademeed 48.0 48.0 i 35.0 33.0 
(rene peo ee 25 8/16 46.0 47.7 85.9 32.0 40.5 
Re ini a o4diek s440-vekedess 1 10/12 | 21 11/16 46.4 45.4 78.3 27.4 34.6 
PE Bn ivncvertangaseen bell seteaced ib eebadeea 46.4 45.4 one 28.0 36.5 
PE Min os 5a itaevseereaawennl cmeonens 27 0/16 48.5 48.6 84.1 29.4 39.8 
IIE osc wis cnewatsounneeont 4 1/12 32 8/16 55.0 51.0 87.0 27.8 36.0 
PE Bin odo 6-40 0danewnedinene TS Beer ee 49.9 50.9 ~ 30.8 $1.5 
Ss oi olan ca Sadia wens tl alueaioais 36 8/16 50.9 43.9 101.2 33.6 47.2 
Ee inn on vn sekieeeredes 6 1/12 33 (1/16 48.8 48.0 90.8 27.2 40.5 
0 a are Be are ee APE 49.9 50.5 sees 36.0 50.5 
C5 sine pseatheed an teal eidehen 48 0/16 52.3 56.3 114.3 43.2 60.1 
NS 5. ce arnnneciad.waiie 9 8/12 67 0/16 51.2 62.1 121.7 43.0 57.0 
ET Biki.d5.56 dévdcenandednest seesenne © eaten 54.0 63.0 need 46.6 65.0 
isi ki enicnccokeeesael seceunns 67 0/16 52.0 60.2 134.7 49.5 74.7 
SS SE rea 10 67 0/16 56.2 61.3 107.0 38.8 52.3 
ND isin. desis csueessees con ere renee 54.0 63.0 —— 40.0 55.0 
IE Boi ckrkap ine ssucie veces <taponne | ee 52.7 62.4 135.7 49.7 74.9 





* Normal 1—When compared to children of same weight and height. 

+ Normal 2—When compared to children of same age. 

The foregoing cases illustrate so well the symptoms of dwarf 
growth and infolding that each will not be taken up in detail here. A 
complete discussion of the symptoms will be found in connection with 
the plates at the end of the paper. At this time we wish to, mention 


only a few of the more salient features. 


GRCUPING OF CASES 

1. We seem to have two groups of cases: 

A. That including Dorothy A., Beatrice R. and Basiliki S. shows 
more the symptoms of dwarf growth, while 

B. That including Emily S. and Ita P. shows the symptoms of 
infolding. 

Frank B. falls between these two groups, having symptoms of each. 

2. Emily S. and Ita P. have a feature which seems hitherto unde- 
scribed, for we can find no mention of it in the literature. 

Each case has an arcuate kyphos with a point of greatest con- 
vexity. Emily S. has this in the dorsal region, while in Ita P. it is 
dorsolumbar. 

Roentgen-ray examination of this region shows a wedge-shaped 
vertebra at the point of greatest convexity. 

Since there is no disease of the spine in either of these cases, we 
have taken the stand that this peculiar vertebra is the result of Jansen’s 
‘“amnio pressure.’ The same force which presses on the two ends of 
the spine producing the kyphos might also very easily, it seems to me, 
produce this wedge-shaped vertebra. 
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3. Dorothy A. and Beatrice R. have in addition to the ordinary 
symptoms of “achondroplasia” certain bony changes which can easily 
be seen in the roentgenograms. Because of the limitation of time, it 








Fig. 8—Ita P. Roentgenogram showing the wedge shaped vertebra; antero- 
posterior view. 





Fig. 9.—Ita P. Roentgenogram showing lateral view of the wedge shaped 
vertebra. 
has not been possible to work out this added complication, but it seems 
to me that some of the changes agree very well with those described 
by Ehrenfried (1915). 
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PATHOLOGIC CHANGES 


Kaufmann (1892) described the pathologic condition in achondro- 
plasia and on it based his three forms: (1) Chondrodystrophia hypo- 
plastica; (2) chondrodystrophia malacica; (3) chondrodystrophia 
hyperplastica. In the first, he described a simple cessation in the 
growth of the cartilage ; in the second, an arrest of the growth depend- 
ing on the softening of the cartilage, and in the third, not simply an 
arrest of the growth of the cartilage, but an excessive growth, abnormal 
in its direction. 

Morse (1902) says: “The most important pathologic process is, in 
brief, a disturbance of the normal process of ossification of the pri- 
mary cartilage.” He reviews Kaufmann’s article and adds “Osteo- 








Fig. 10—Ita P. Roentgenogram showing the poorly developed pelvis. 


porosis and osteosclerosis may occur as complications in any case. 
Fractures may also increase the deformities.” 

Bullard and George (1908) review the work of Apert (1901) and 
Durante (1902) and have the following résumé: “Sclerosis of the 
epiphyseal cartilage while in preparation for multiplication. Lack of 
serial arrangement of the cartilage cells and deficiency in cartilaginous 
ossification while processes from the marrow cross the line of ossifica- 
tion. Abundant periosteal ossification produced as well by means of 
osteoblasts as by direct calcification of the fibrous lamellae, but only 
eventuating in the formation of a spongy bone with thick resistant 
lamellae. Sclerosis of the bone marrow.” 

Jansen (1912) says the ossification of the epiphyses is very much 
retarded, while the diaphyses, on the contrary, have not only formed 
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relatively more bone, but the edges of the periosteal bone have grown 
round the epiphysis in the shape of a funnel. The periosteum often 
forms a process (Kaufmann) which penetrates between the diaphyses 
and epiphyses, and Wallaardt Sacré finds the periosteum of long bones 
showing a more rapid growth at their ends, so that the diaphyses 
surround the epiphyses very nearly like “cuffs.” “All this,” he says, 
“proves that the periosteal bone grows faster than the epiphyseal. The 
periosteal bone is not completed by the addition of endochondral 
bone, which the epiphysis normally deposits at the ends of the diaphysis. 
The epiphysis is at fault, but still the periosteum continues its growth 
sometimes in the normal direction, forming a funnel around the 
epiphysis, or sometimes, departing from the right track by separating 
diaphysis and epiphysis by an abnormal layer of cellular tissue.” 

“The microscopic picture,” Jansen adds, basing his opinion on the 
work of Kaufmann and Wallaardt Sacré, “of the achondroplastic 
bones confirms the opinion that in them the specific power of growth 
is diminished; the chief histologic characteristics of length growth in 
bone substance is constantly at fault; the columns of cartilage cells 
are too short, show irregularities in their arrangement and in their 
direction, or are lacking altogether.”” He does not pass on any deci- 
sion as to how normally the cartilage cells are so thoroughly informed 
both of the direction of muscle action and of gravity, as to arrange 
their columns so precisely in these directions, but adds: “However that 
may be, the columns of cartilage cells in achondroplastic bones are 
situated less precisely in the long axes of the bones than normally. 
Moreover, they are shorter. Thus, the microscope reveals the picture 
of a diminution of the growth and the power of growth in achondro- 
plastic bone.” 

[ have not had the opportunity to study achondroplastic bone his- 
tologically. The work of others, probably due to lack of material, 
although describing single stages amply, does not at all exhaust the 
fields of embryological development of such bone. Such a piece of 
work would be valuable to consider in view of Jansen’s work on the 


cause of achondroplasia. 


THE ROENTGEN-RAY EXAMINATION 


Most writers say little of the examination of cases of achondroplasia 


by the roentgen-ray method. Bullard and George (1908) has described 
it more fully. They divide the cases into two groups: (1) Those cases 
which are seen up to puberty without marked deformity; (2) cases 
with marked deformities of the limbs, or those cases in which there is 
a secondary joints lesion apparent (Kaufmann, 1892). 
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Fig. 11—Ita P. Roentgenogram showing: (a) the short bones of the lower 
extremities and (b) a definite tendency for the periosteum of the distal end 
of the femoral diaphyses to form a “cuff” about the epiphyses. 











20 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


They say, “In the first group of cases the typical roentgen-ray 
picture of a given bone, the tibia for instance, will show it to be shorter 
and wider than that of a normal child, having a well developed ossific 
center for that given age. The shadow produced by the bone generally 
compares well with that of a normal child. Deformities of the shaft, 
with the exception of bowing, are rare in this group. The cortex is 
thicker, particularly in the middle of the shaft, showing considerable 
deposit of bone and thinning out toward the epiphyses. At the same 
time, the medulla, though small at the middle of the shaft, is increased 
in width proportionately with the thinning of the cortex; the bone 
structure in some cases is practically normal as compared with that 
of a normal child, but in the majority of cases a coarser and sometimes 
a more irregular deposit is apparent, particularly in the diaphyses. 

“The most characteristic appearance of a long bone under examina- 
tion in achondroplasia is that near the epiphyseal ends, the diaphyses 
become cup shaped, producing a T-shaped outline without any dis- 
turbance of the epiphyseal line or zone of proliferation, though they 
may be uneven and take on more or less fantastic shapes as compared 
with those of a normal individual. They are not, however, as uneven 
as in the diseases of nutrition, such as rachitis, where there is a definite 
disturbance of the zone of proliferation, but, as has been stated, the 
ossific centers have been well formed and the epiphyses are apparently 
fitted into the cup-like diaphyseal ends. In this first group of cases 
there is nothing seen in the roentgenograms which could be confused 
with rachitis. 

“The second group of cases which we meet with in a large clinic 
is characterized by the large rectilinear head, extremities extraordi- 
narily shortened in comparison to the bodies, the upper arms and thighs 
shortened in comparison to the forearms and legs, but distinguished 
from group (1) in that the osseous system shows more definite 
pathological changes such as scoliosis, kyphosis and lordosis of the 
spine, coxa vara, genu valgum or varum, and ankylosis, partial or 
complete, of one or more joints, due either to a mechanical inhibition 
of joint motion or to pathologic changes within the joint. 

“In the roentgen-ray examination of these cases, though the under- 
lying appearance of the bone is that of group (1), we have a more 
definite change of the articular surfaces of the joints, or of the 
epiphyses in general, to such an extent that one would hardly identify 
the given joint; there is a great distortion of the bone generally, with 
a tremendous increase in the size of certain portions, such as the great 
trochanter of the femur. The joint surfaces are practically absent, 


with a partial or complete erosion. 
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“It is to be noted that the epiphyses in this case are all delayed in 
their development, particularly as these children approach puberty, 
when there seems to be very little, if any, development of the epiphyses 
beyond a certain point.” 


| 





} teen 





Fig. 12—Frank B. Aged 4% years. Total length 87 cm. 


In speaking of the roentgen-ray examination of long bones in which 
Bullard and George (1908) say the epiphyseal ends of the diaphyses 
have a “T-shaped” outline, Jansen (1912) refers to this as a “cuff” 
of periosteal bone and says that the roentgen rays show that the peri- 
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osteum forms more bone than the epiphysis. Kaufmann (1902) and 
Jansen (1912) contradict the statement of Bullard and George (1908) 
that there is not any disturbance of the epiphyseal line or zone of 
proliferation. They hold with others that there is a growth of fibrous 
tissue from the periosteum between the epiphysis and diaphysis. 


THE CAUSE OF ACHONDROPLASIA 


Morse (1902) said, “Little is known as to the cause of this dis- 
ease.” Such a state existed until 1912 when Jansen advanced his 
hypothesis that the amnion is the cause. His argument is so convinc- 
ing that I review it here, first giving his summary of the various 
opinions of other writers on the subject. 

He says: “Parrot (1878) who first recognized the affection as a 
separate entity, and introduced the name achondroplasia, considered it 
to be the nature of a congenital nutrititve disturbance of the cartilage 
germ cells. Parrot thereby provided us with a circumlocation rather 
than an explanation of the facts. 

“De Buck and Mayet (1900 and 1901) consider this change in 
cartilage germ cells as a sign of degeneration and consider the achon 
droplasts as the last member of a pedigree of degenerates.” We may 
plead against this theory that achondroplastic women not frequently 
bear normal children (Treub, 1904). 

Poncet and Leriche and others consider the achondroplasts as a 
separate race on account of the striking resemblance they show one to 
another. Against this it has been argued that, on account of the 
considerable narrowing of the pelvis, natural (Nolen) birth is usually 
impossible and thus the conditions necessary for the existence of a 
race as such are not met with. And even those who cling to the idea 
of a separate race, will feel the need of finding the causes which lead 
to this change. 

“Bohn and Schwob (1868) deem a disturbance or insufficiency of 
the placenta probable in correlation with the nutritive disturbance.” 
No facts have yet been brought forward in support of this suggestion. 

“Klebs (1889) is of the opinion that the umbilical vesicle by an 
excessive development and a broadening of its stalk is able to com- 
press the limb buds just after their formation, and so to stunt their 
growth.” Even those who firmly believe in the correctness of this 
hypothesis must seek a further explanation for the changes in the skull. 

“V. Franque (1893) and Rindfleisch (1899) have suggested that 
mechanical pressure of the surrounding tissues on the embryo might 
be the cause; but the hypothesis has heen rejected on account of the 
symmetry of the dwarf growth in achondroplasia and the strong 


resemblance of every two cases, both of which characteristics dis- 
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tinguish it from the asymmetry and diversity shown by deformities 
known to be the result of external pressure (Sumita). 

if “Wissermann (Sumita) considers tightness or rather lack of expan- 
sion of the skin as a possible cause of the stunting in growth of the 

















Fig. 13.—Dorothy A. Aged 642 years. Total length 90.8 cm. This picture 
shows the short extremities and the extra toes. 


bones; but as has rightly been objected, the skin is not lacking in 
expansion in achondroplasia; on the contrary, its growth is relatively 
excessive so as even to lie in folds. 
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“Most of the authors who have written on achondroplasia con- 
sider it to be an hereditary infection or intoxication. 

“Dor (1893) considers the toxi-infectious agent to affect the car- 
tilage directly: typhoid fever promotes the growth of the skeleton, he 
argues ; whilst on the other hand intestinal infections inhibit its growth. 
In the latter sense the unknown agent works from an early stage in 
the development of the skeleton. 

“Syphilis and tuberculosis, alcohol and tobacco, the causal agents 
to which so many ills are attributed, have naturally not escaped 
being accused, each and all, of being responsible for this affliction; but 
again, no valid evidence has been brought forward in support of the 
accusation, 

“Cestan (1901) and Reignault speak of intrauterine rickets.”— 
Both in rickets and achondroplasia, indeed, shortening of the extremi- 
ties occurs. In rickets, however, the disproportion is chiefly due to 
curvature of the bones; in achondroplasia it depends on their insuffi- 
cient growth in length. Moreover, an achondroplast is born as such 
and remains so for life. Rickets, on the contrary, appears after birth 
and disappears later on in life. To label the two affections with one 
name would, therefore, create confusion rather than afford a deeper 
view into the nature of either. 

Porak and Durante (1905) base their opinion on the histological 
appearance of achondroplastic cartilage. They consider it to be 


se 


characterized by sclerosis. All substances that exercise a sclerogenetic 
influence on cartilage may—according to them—be the cause of achon- 
droplasia. New data afterward led them to the conviction that in 
addition to the theory of hereditary infection or intoxication, which 
they postulate as a casual agent, certain forms of achondroplasia 
might be brought about by autointoxication.” We doubt whether the 
insight which the histological aspect of this affection affords, is explicit 
enough to justify such far reaching conclusions. 

“P. Marie expresses himself with more caution: Could there not 
in this disturbance of development, be something analogous to myxe- 
dema ; should we not seek the cause of achondroplasia in a deficiency 
in the function or the development of some gland? 

“All glands with internal secretion have indeed been suspected in 
the attempt to answer this question: 

“Leblanc (1902). who found myxedema and achondroplasia com- 
bined in a calf, considered the thyroid gland responsible. 


“Lugaro also saw the two affections combined in man, and Devay 
(Parhon, Shunda and Zalplachta, 1905) as well as Collmann, on the 
contrary, found the thyroid gland enlarged in a case of achondroplasia. 
In by far the majority of achondroplasts this gland is normally 
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developed. Identifying the two affections would mean returning to 
the old standpoint of Virchow who confused achondroplasia and 
cretinism. Clinicians have since placed the two wide apart. Yet, the 
relative frequent coincidence of these two affections raises the sugges- 
tion that the causes of congenital cretinism and achondroplasia may 
be related. 

“Vargas raises the question, whether the thymus may be the cause; 
but without procuring any support for this hypothesis. 

“Parhon, Shunda and Zalplachta (1905) consider it possible that 
a hypofunction of the pituitary body, the thyroid gland and the 
thymus, combined with a hyperfunction of the sexual glands might 
produce achondroplasia. They strongly emphasize the latter. Before 
birth this enhanced action of the genital glands might be excited by 
the ovaries of the mother, and after birth the child’s genital glands 








Fig. 14—Dorothy A. This picture shows the extra toes, the second and 
third being webbed, and the horny irregular toenails. 


might begin to exert their influence too early and too powerfully. 
Especially after the publication of Leriche’s (1904) observations, they 
strongly inclined toward the great influence of the latter, of which 
Leriche says: ‘au rebours du gigantisme avec lequel elle (—la glande 
interstitielle du testicule et de l’ovaire) est en relation manifeste en 
certains cas par défault, la glande testiculare pourrait peut-étre par 
viciation ou par excés produire un arrét de croissance.’ It is especially 
the experiments of Leriche’s teacher, Poncet, and those of Dor and 
Maisonave which served as the foundation of his belief. The former, 
indeed, has ascertained that castration causes excessive growth of the 
skeleton, while the latter elicited a “sterilization relative’ of the 
diaphyso-epiphyseal cartilage discs and a stunting in the growth of 
animals in injecting extract of testicle. However, these experiments 
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have not led to achondroplasia by any means; and it would thus be 
premature to consider achondroplasia as the effect of an exaggerated 
secretion of the sexual glands both of the mother (before parturition) 
and of the child (soon after birth). Moreover, the enlargement of 
the skeleton by castration is greatly exceeded by gigantism; and the 


effects of gigantism and castration are not to be identified. 











Fig. 15.—Dorothy A. Roentgenograms showing (a) the extra metacarpals 
and metatarsals, the extra fingers having been removed at operation, the extra 
toes being present; (b) the character of the metacarpal and metatarsal bones 
and (c) the epiphyses surrounded by periosteal “cuffs.” 


“Ettore Levi (1909), to complete this enumeration of writers, 
rejects the hypothesis of P. Marie—and in our opinion—he is quite 
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right in so doing; Levi is ready to admit that gigantism may be caused 
by a disturbance in the function of a blood gland, and even infantilism, 
because in these affections all segments of the skeleton are modified. 
In achondroplasia, however, we cannot see how a blood gland could 





Fig. 16.—Beatrice R. Aged 9%2 years. Total length 121.7 cm. 


be the cause, because the dystrophy is restricted chiefly to the 
extremities. 

“In short, we find that the causes of achondroplasia are still com- 
pletely enshrouded in obscurity; local nutritive disturbances in the 
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cartilage, infection—both hereditary and direct — intoxication — both 
exogenic and endogenic — sclerogenetic influences, race peculiarities, 
degeneration, defective function of glands, mechanical pressure—form 
the motley series of possibilities from which science has hitherto been 
unable to make her choice. 

“It will now be our task to find out whether the mechanical mal- 
formations, which characterize the achondroplast, and which we have 
proved to be the results of infolding of the fetus, may put us on the 
track of the causes of this disproportionate dwarfing of the growing 
body in achondroplasia.” 

Jansen says that the mechanical malformations, characteristic of 
achondroplasia, could be brought about by three compressing forces 
which act on the head, the neck and the tail bends of the embryo 
and, so to speak, roll it up in its long axis. He does not believe that 
this can be produced by direct pressure from maternal parts, because of 
the space between the amnion and the fetus. Nor does he believe 
that pressure on the fetus transmitted by the chorionic liquid could 
bring about the malformations because’ this pressure would be the 
same in all directions and be unable to accentuate the normal bends 
in the manner found characteristic of achondroplasia. 

By exclusion, then, we must find in the amnion the source of the 
deforming forces. Only two conditions of this need be considered, 
i. e., hydramnion and smallness of the amnion. That hydramnion does 
not constantly bring about these malformations may be understood, 
when we consider (1) that rapid growth or distention of the amnion 
might soon put an end to the abnormally high pressure, and give the 
embryo an opportunity of resuming the normal attitude before injury 
has been inflicted; and (2) that, when the abnormal increase of liquid 
in the amniotic sac begins (only after the amnion has been lifted from 
the surface of the embryo) the abnormal axial pressure need not be 
exercised. 

It then remains that, except in rare cases, the deforming forces 
must be due to the smallness of the amnion. That the amnion is often 
affected by such a primary disturbance in growth is accepted by such 
investigators as Dareste (1892), Marchand, Schwalbe, Kocher, von 
Volkmann and others. 

But we have not considered the cause of the dwarf phenomena. 


If the smallness of the amnion produces the malformations of infold- 
ing, can the same cause affect the growth of the deep lying parts? 
This seems to be the case, and it takes place in the following way. 
The amnion which folds up the embryo, at the same time impedes the 
supply of food by producing a closer contact of the cells and a diminu- 
tion of the nutritive fluids. If it may be accepted that embryos are 
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rolled up by their amnion, it is also certain that the direct amnion 
pressure has caused the preponderant axial dwarfing of the pelves 
and in a lesser degree that of the spine. And that which is true of 
the direct amnion pressure in one direction, is true of the hydrostatic 
pressure in all directions; if the axial pressure of the amnion is able 
to queeze blood out of the scleroblastematous spine in one direction, 
then the hydrostatic pressure is able to do the same in all directions. 
If a direct pressure of the amnion can cause dwarf phenomena in 
one direction, the indirect hydrostatic pressure can do the same in all 
directions ; in other words, if direct amnion pressure is the cause of 
the phenomena of infolding in achondroplasia, then indirect or hydro- 
static amnion pressure is the cause of the dwarf phenomena. 





Fig. 17.—Beatrice R. Roentgenogram showing the misshapen fifth meta- 
carpals where a sixth finger has been removed at operation, and the epiphyses 
of the phalanges surrounded by the peculiar funnel-shaped “cuff” of periosteal 
overgrowth. 


In view of this we understand that the bones formed in cartilage 
are most affected because they increase their volume more rapidly 
than other tissues and because they demand such a large amount of 
nutrition in their growth. In other words, heightened amnion pres- 
sure, through a diminution of blood supply, leads to an “aplasy”’ of 


‘ 


“chondrium,” an “achondroplasia.” And, the bones formed in mem- 
brane (except in the severest forms) pass unmolested because they 
are not gluttons. 


Above all, it becomes clear why the growth disturbance affects the 


latest formations most, the earliest least, for each younger part of 
the skeleton forms its cartilage under more unfavorable conditions. 

We can now see that the severest forms of achondroplasia must 
be produced by the smallness of the amnion, while the relatively slight 
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forms may have been produced by less damaging hydramnion. 
Further, Jansen (1912) believes that hare lip, micrognathy, apnathy, 
myxedema, hydrocephalus, gas bubbles in the internal organs, sub- 
cutaneous fatty masses and increased sexual function which are often 
found in the achondroplast, may be considered in relation to this same 
direct and indirect amnion pressure. His observations on the latter are 
especially interesting. Summing up his facts, we find in: 


castrates: sexual functions <— pituitary > growth > 





pregnancy: sexual functions < pituitary > growth > 
acromegaly : pituitary > growth > — sexual functions < 
gigantism: pituitary > growth > — sexual functions < 


achondroplasia: pituitary < (growth <) — sexual functions > 


Thus the idea is suggested that the exaggeration of the sexual 
functions which we observe in achondroplasts may be the consequence 
of the disturbance in the development of the pituitary body which we 
found in the severer cases. 


THE TIME AT WHICH THE CHANGES OF ACHONDROPLASIA 
TAKE PLACE 

The question now quite naturally arises as to when this infolding 
of the embryo takes place. The following things strongly suggest the 
idea that the embryo, between the third and eighth week of its intra- 
uterine life, has been, so to speak, bent up, infolded, “coiled up” like 
an anchor rope: 

(1) The degree of retardation of growth of the various parts of 
the skeleton is determined by the time of their primary formation 
from the scleroblastema, as can be seen in Table 2. 


TABLE 2.—Comparison oF DATE OF FORMATION AND RATIO OF ANOMALIES. 




















A. Date of Formation (Keibel and Mall, 1910) B. Ratio of Anomalies (Jansen, 1912) 
Of the Of the Of the In smaller In larger 
sclero- carti- centers of dwarf dwarf 

blastema lage ossification skeletons skeletons 

Of the Of the breadth 1 1 

cervical 8d week 5th week 56th day of 3d cervical — — 

vertebrae vertebra 1.97 1.51 
Of the After the 73d Of the breadth l 1 
lumbar cervical 5th week 105th of 3d lumbar —— 

vertebrae vertebrae day vertebra 3.10 1.5 
Of the End of Of length of 1 1 
humerus 4th 5th week 42d day humerus = 

diaphysis week diaphysis 3.63 2.5 
Of the Early after Of length of 1 1 
femur humerus 5th week 42d day femur — aaa 

diaphysis 5th week diaphysis 3.47 2.80 

oi Of the thickness 

Of the After 10th month of cartilage 1 1 

epiphysis diaphysis or after between femur — 





birth and tibia 8.33 | 3.00 
diaphysis 
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Thus we see the formation of the primitive’ vertebrae starts in the 
cervical region and proceeds in a caudal direction; and it is only 
. after the sacral vertebrae have been formed that the extremities bud. 
In these again the epiphyses are the latest formations. And in the 
same order we see the various parts of the skeleton in achondroplasts 
affected in a successively increasing measure. 











Fig. 18—Beatrice R. Roentgenogram showing the clubby shape of the 
femurs; the cortical thickening with resulting decrease in caliber of the medul- 
lary canal and the bowing of the femurs, especially the left. 


2. It may be remembered that the pituitary body develops between 
the second and eighth weeks of fetal life and that its larger anterior 
part is formed by a diverticulum of the roof of the primitive mouth, 
which pierces the mesodermal covering of the brain vesicle between 
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os) 





Fig. 19—Beatrice R. Roentgenogram showing: (a) the difference in length 
of the tibiae. The bowing of the left femur exactly compensates for the 
increased length of the left tibia for the lower extremities are of the same 
length; (b) the bulbous ends of the long bones; (c) the small exostoses which 
are present at the epiphyseal lines; (d) the cortical thickening of the bones 
and (e) the eccentric medullary canals. 

















WHEELDON—ACHONDROPLASIA 33 


the future presphenoid and postsphenoid, i. e., between the anterior 
and the middle bone centers of the tribasilar bone. Thus, the fact that 
the sella turcica may be totally absent, if indicating that the develop- 
ment of the pituitary body has been disturbed may suggest the inference 
that this disturbance has taken place between the second and eighth 
weeks of fetal life. 

3. In order that the skull shall assume the form often seen in the 
foregoing discussion the change must have been brought about at a 
period of fetal life, when the skull was still membranous, either 
entirely or for the greater part. 


4. From Table 2 we see that the scleroblastema formed at the 
third week begins to change into cartilage about the fifth week, while 
the formation of bone begins at about the eighth week. The suitable 
time, then, for the malformations of the spine lies between the third 
week, when the condensation of the primitive cellular tissue into sclero- 
blastema may be observed, and the eighth week, when the cartilaginous 
formation begins to harden into bone substance. 


5. The form of the normal embryo of 4. weeks is such that (a) 
pressure on the head curve must needs push the region of the visceral 
arches and the future face against the organs of the future chest and 
the chest wall. It is quite intelligible that this is the way in which the 
region of the future nose has been either partly or wholly flattened 
and the hard palate displaced in the direction of the base of the skull. 
Therefore, an accentuation of the normal neck curve subjects the parts 
of the future face to a compression which fully explains their charac- 
teristic malformation in achondroplasia. (b) Similarly, a pressure at 
the neck curve may have moved forward the parts of the squama 
occipitalis. it may have narrowed the foramen magnum, when its 
anterior border, the lower part of the tribasilar bone, was driven 
against a firm resistance (the hard palate in front), or have displaced 
it in a forward direction, i. .e., kyphotized the base of the skull, when 
no such bony resistance was met with, the posterior border of the 
palate being tilted high up. (c) Finally, the forces at the caudal end 
of the fetus counteracted those acting on the head, and have kyphotized 
the spine. 


6. If we believe the smallness of the amnion to be the cause of the 
mechanical malformation, the changes must take place between the 
third and eighth week, for it is during the third week that the amnion 
obtains the power of folding up the embryo. Up until then the amnion 
with its mesodermal and ectodermal layers is about as thick as the 
embryo and hardly inferior to it in firmness. During the sixth week 
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the amnion probably loses the power of folding up the embryo because 
the embryo rapidly increases in firmness and by the seventh and 
eighth week the skeleton finally presents ossification centers. 


RESU ME 


1. The name “achondroplasia” has been chosen for the condition 
under discussion because the state is an “aplasy” of “chondrium.” 

2. Achondroplasia is characterized by symptoms of dwarf growth 
(shortness of extremities, vertebral column and chest and looseness of 
the skin) and symptoms of infolding (kyphosis baseos cranii, sagittal 
narrowing of the foramen magnum, depression of the nasal bridge, 
narrowing of the choanae, reduction in the size of the sella turcica 
with consequent reduction in the size of the pituitary body, and changes 
in the spine). 

3. The changes of achondroplasia are probably due to the smallness 
of the amnion, except in rare cases. 

4. The changes of achondroplasia are produced between the third 
and eighth weeks of intra-uterine life. 

5. The pathologic changes consist mainly in a retardation of ossifi- 
cation of the epiphysis and the diminished production of endochondral 
bone, while the periosteum produces a comparatively normal amount of 
bone. 

6. Besides the deformities of the bones, the characteristic roentgeno- 
logic appearance of a long bone under examination shows that near the 
epiphyseal ends the diaphyses become cup-shaped, producing a T-shaped 
outline without any disturbance of the epiphyseal line or zone of pro- 
liferation, though these may be uneven and take on more or less fan- 
tastic shapes as compared with those of a normal individual. 

7. All the cases presented in this paper bear out all that has been 
said, and in addition two of them show a new symptom, a wedge-shaped 
vertebra, which falls in the group of symptoms of infolding, and forti- 
fies the belief that the state of achondroplasia is produced by the small- 
ness of the amnion. 
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THE FOOD VALUE OF THE MILK OF THE 
WATER BUFFALO 


WILLIAM W. CADBURY, M.D. 
Canton Christian College 


CANTON, CHINA 


If at one stroke all dairy products were rendered inaccessible to 
the people of the United States, it would be considered one of the 
greatest calamities that could befall the country and probably thou- 
sands of children would die of starvation. Yet this is the very con- 
dition that has prevailed in China for many centuries. Even at the 
present time, fresh butter, milk and cheese are rarely used by the 
Chinese people, and canned milk has been introduced into the more 
modernized districts only within the last two or three decades. This 
is the more remarkable, because next to the hog the cow 1s the com- 
monest of domestic animals, at least in South China. 

In view of these facts one is often amazed to observe that children 
can grow strong without milk, and that tuberculosis of the forms 
generally considered as bovine in origin may be very prevalent among 
a people who eat neither beef, butter nor milk. Rachitis is practically 
never seen. Nevertheless, | would be the last one to depreciate the 
great value of dairy products as a food, and it is undoubtedly because 
of their absence that thousands of China’s babies die yearly. When an 
infant is weaned he is given congee, or rice gruel, and before he is a 
year old the mother begins to feed him with rice—which is to be the 
staple of his diet as long as he lives. 

At the present time tinned milks may be obtained by most of the 
people in South China, but the fresh product is quite out of their 
reach. Dairies have recently been opened in Canton, but their products 
are often so unreliable that one hesitates to prescribe fresh milk to his 
patients. Because of this difficulty in obtaining a reliable milk a dairy 
has been established at the Canton Christian College where both 
buffalo and European cows are kept. The latter consist of modern 
breeds of cattle or their offspring imported from Australia, England 
or America. These cattle are expensive, are liable to succumb to dis- 
‘ase, and it is not likely that they will ever become fully adapted to the 
climate of South China. 

If China, then, is to have her own herds one should endeavor to 


select the cows from native stock. With this end in view, the agri- 
cultural department of the Canton Christian College has taken up the 
study of the milk of- the carabao (Bubalis Babalis) or water buffalo. 
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These animals have long been domesticated by the Chinese farmers and 
take the place of the horse for ploughing the rice fields in the South. 
Their milk has never been used to any extent as a food, and no breed- 
ing experiments have been attempted in this direction. 

Recently Mr. C. O. Levine,’ instructor in animal husbandry at the 
Canton Christian College, has undertaken a careful analysis of the milk 
of the buffalo cows composing the herd kept at the college dairy. 
The samples for the analyses were taken directly from the cows in the 
barn and not from bottled milk on sale in Canton, which is frequently 
diluted with water. 


TABLE 1.—ComparativeE PERCENTAGE COMPOSITION OF AMERICAN Cow’s MILK 
AND WateR BurFraALo MILK 





Buffalo American 


Milk, Cow’s Milk, 
per Cent. per Cent. 
—— — ——e — _— <_< —— —————EE — ——EE aa ———_—____— 
OEE, ROA ORL aenta tat PRE OR) "12.60 3.69 
I Ui ain conn Shp wb alaacd aa aemualaenaa ee adam letaeiea 6.04 03 
i a tideuh dou ida wae osubesdete iehaselessnatekawkoeese 3.70 4.88 
ULES ESE SRE se Nese Sheek S83) te Pent ee ame eS eter pe eee 0.86 0.73 
tthe aaa teicisic aden u io iaw anes wabsdanbitaied da ih Macc bearen eee 76.80 87.17 





The most noticeable fact in Table 1 is the marked excess of fat in 
water buffalo. The average of 12.6 per cent. was the result obtained 
from frequent analyses of thirty different cows over a period of 
eighteen months. The lowest average for any individual cow was 
11.50 per cent. and the highest was 15.60 per cent. fat. While the fat 
is almost four times as much as that in the average American cow’s 
milk, the proteid is almost twice as much; the sugar and water are less. 

Buffalo milk is wholesome and palatable when produced under 
sanitary conditions. There is little or no odor. The strong disagree- 
able odor sometimes noted in buffalo milk is due largely to dead scales 
and hair from the body of the cow that have fallen into the milk during 
milking. One small flake of skin or one hair may taint a gallon of 
milk so that the flavor will be unpleasant. When milk is produced 
under sanitary conditions it may have an odor when first drawn. This 
is due to gases in the milk which leave it after the milk has stood for 
a short time in a clean, well ventilated room. 

Undiluted buffalo milk commands a slightly higher price than the 
European cow’s milk, because a buffalo cow produces a less quantity. 
It is probable that by careful breeding cows can be produced which 
will furnish as much milk as the average American herd. 


1. Levine, C. O., and Cadbury, William W.: A Study of Milk Produced in 
Kwangtung, China M. 1. 32:536, 1918. 
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On the other hand, the richer content in fat makes the milk more 


valuable. 


buffalo milk from the Canton Christian College dairy. 


I supply my patients at the Canton Hospital with water 


Half the quan- 


tity required is ordered and diluted with equal parts of boiled water. 
The patients are thus provided with a milk averaging 6.30 per cent. 


TABLE 2. 


Age of Child 


Premature Infant 


Ist to 4th day 


5th to 7th day 


2d week 


3d week 


5th to 8th week 
whan 
aie 
5th adie 


6th to 10th month 


lith month 


12th month 


13th month 


Water Burraco MILK ForMULAS 


Water Buffalo 
Milk Mixture 


~ Milk 


Suga! 
Water 


Milk 
Sugar 
Water 


Milk 
Sugar 
Water 
Milk 
Sugar 
Water 


Milk 


Sugar 
Water 


~ Milk 


Sugar 
Water 


Milk 
Sugar 
Water 
Milk 
Sugar 
Water 


~ Milk 


Sugar 
Water 


Milk 


Sugar 
Water 


Milk 
Sugar 
Water 


Milk 
Sugar 
Water 
Milk 
Sugar 
Water 


add ¢ 


add 


add: 


add: 


add: 


add ; 


add 


add 


add 


add ; 


20.0 
11.3 


300.0 


?0.0 
14.3 


00.0 


5.0 


14.1 


300.0 


30.0 


16.9 
300.0 


50.0 
16.2 


300.0 


60.0 
15.8 
00.0 
0.0 


15.4 


300.0 


S0.0 
18.0 
{00.0 


90.0 


300.0 


100.0 
18.0 


300.0 


100.0 
12.0 


300.0 


120.0 


11.0 
300.0 


9.0 


add 300.0 


150.0 


Resulting Milk Formula 
Buffalo Milk, 
per Cent. 


0.84 4 0.4 


FOR INFANTS 


Correct Formula 
According to Holt, 
per Cent. 





Fat Sugar Proteid Fat Sugar | Proteid 


1.0 4 |} 6.25 


1.0 D 0.3 


fat, 3.01 per cent. proteid and 1.85 per cent. sugar at a cost of between 
p } I g 


4 and 5 cents, silver currency, for 200 mil. For children and adults 
it is always best to dilute the milk. It is especially convenient in feed- 


ing infants, and I generally prescribe it for infants less than one year 
of age in preference to the European cow’s milk. 
my own child, one year old, with great satisfaction. 


I have given it to 
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In preparing milk formulas one can do away with cream and top 
milk, and by simply diluting and adding sugar a fairly accurate formula 
can be obtained. If the deficient proteid must be made up, whey can 
be added to the mixture. 

Table 2 has been prepared to enable one to prepare the appropriate 
formula readily. Fortunately, a little wine cup in universal use among 
the Chinese measures almost exactly 10 mil. so that this can be used 
by the most ignorant Chinese woman. 


CONCLUSIONS 
1. The milk of the water buffalo is a valuable dairy product and 
contains on an average 12.6 per cent. of fat. 


2. This milk can easily be modified for infants’ use. 








DEXTROSE TOLERANCE IN ATROPHIC INFANTS * 


P. M. MATTILL, K. M. MAYER ann L. W. SAUER 
CHICAGO 


The tolerance of individuals to sugar has been determined pre- 
viously by testing how much could be given by mouth or how much 
could be injected at one time subcutaneously or intravenously before 
sugar appeared in the urine. It was recognized that these methods were 
open to objections. In order to overcome these objections Woodyatt' 
constructed an apparatus permitting a continuous intravenous injection 
of solutions at any desired rate. The apparatus consists of a motor 
driven syringe filling and discharging automatically. In this way it 
was possible for Sansum and Wilder® to determine the tolerance of 
adults to dextrose much more accurately than had been possible before. 
They found that the appearance of the sugar in the urine depends on 
the amount of sugar injected in a unit of time, independent of the con- 
centration of the sugar solution. The tolerance is expressed in grams 
of glucose which can be injected per kilogram of body weight in one 
hour at a uniform rate of flow, without leading to the excretion of 
sugar in the urine. For normal adults, dogs and rabbits this tolerance 
was from 0.8 to 0.9 gm. per kilogram per hour. 

We determined the glucose tolerance of atrophic infants by this 
method with the idea in mind that such infants might derive some 
benefit from intravenous glucose injections. 

The parts of the apparatus which come in contact with the fluid are 
sterilized by heat. A dextrose marked C. P., manufactured by the 
Corn Products Refining Company, was used. This is about 99 per cent. 
pure. The rubber tubing used is 8 mm. in diameter with a 3 mm. 
bore; a 50 c.c. graduated buret serves as a reservoir. A hand syringe 
is attached to the two-way stopcock inserted in the tubing between the 
pump and patient. A glass window connects the tubing with the 
22 gage platinum or gold needle. In making the dilution we were 
guided by the fact that with our instrument the most convenient rate 
of injection was between 25 and 50 c.c. per hour. The glucose is 
dissolved in freshly distilled water and arnoldized on three successive 
days. The strength of the solution was made approximately 10, 15 
and 20 per cent. The actual concentration was determined polari- 


*From the Otho S. A. Sprague Memorial Institute Laboratory, Children’s 
Memorial Hospital, Chicago. 

1. Woodyatt: J. Biol. Chem. 29:355 (March) 1917. 

2. Wilder and Sansum: Arch. Int. Med. 19:311 (Feb.) 1917. 
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scopically. Buret readings were recorded every five minutes to detect 
fluctuations in rate. The hypertonic solutions did not cause perceptible 
changes in the erythrocytes. 

The initial rate of injection was chosen just below the tolerance as 
established for normal adults. A rate of injection must be maintained 
for thirty minutes to insure a thorough saturation of the tissues before 
the urine is collected and tested for sugar. As Wilder and Sansum 
pointed out: “If the rate of injection only slightly exceeds the rate 
of utilization, glycosuria will occur within this time; if it does not, 
no glycosuria will occur even after several hours of continuous injec- 
tion.” If no urine is obtained after thirty minutes, the time of injection 
is lengthened until urine can be obtained. As a rule, the infants 
voided urine in from one-half to three-fourths of an hour. Catheter- 
ization after the beginning of an injection was occasionally resorted to 
if the infant did not urinate within a reasonable length of time. The 
urine was tested for sugar with Haines’ solution, 1 c.c. of urine being 
taken for the test. If the urine did not contain sugar by injecting 
0.7 gm. per kilogram per hour, the rate was increased to 0.8 gm. per 
kilogram per hour, and so on, increasing as a rule 0.1 gm. per kilogram 
per hour until sugar appeared in the urine. In working with the 
atrophic infants it was soon found to be unnecessary to begin below 
1.0 gm. (The urine was always tested for sugar before the experiment 
was begun.) If sugar appeared in the urine on the first dosage, the 
experiment was discontinued for the day, as it was not possible to 
get the urine sugar free within a reasonable length of time. It must 
be stated, though, that the bladder was not washed out. 

If sugar appeared at 1.0 gm. per kilogram per hour the tolerance 
was taken as 0.9 gm. per kilogram per hour; i. e., 0.1 gm. less than the 
amount given per kilogram per hour when sugar appeared. The 
injections were usually started two hours after a feeding, the infants 
being fed a simple milk dilution with the addition of dextri-maltose. 

In the course of our work dextrose solutions were injected intra- 
venously into four nonatrophic infants. These infants ranged in age 
from 5 to 15 months and were more nearly normal than any of the 
others. In these cases, the tolerance was found to be 0.8 to 0.9 gm. 
per kilogram of body weight per hour. These figures correspond very 
closely to the figures given by Wilder and Sansum for the normal 
adult. Table 1 gives a summary of these determinations. 

The seven atrophic infants studied showed emaciation, tendency to 
subnormal temperature, lack of turgor and grayish color of the skin. 
Their weights were stationary or nearly so; the stoois were good. 


In no case was the tolerance below 1.4 or 1.5 gm. per kilogram of 
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body weight per hour (Table 2). Schlossmann,* Bahrt and Edelstein‘ 
and Murlin and Hoobler® found that the metabolism of the atrophic 
infant proceeded at a higher level than that of the normal infant. 
Observations of McClure and Sauer® have shown that atrophic infants 
have a higher surface: temperature than normal infants and that there 
is an increased insensible perspiration. An increased sugar tolerance 
would seem to fit in very well with such observations. 

In Case 7 (Table 2), Marie L., the injections were repeated a 
number of times for therapeutic reasons. It will be seen that the 
sugar tolerance in this individual under similar conditions is quite 
constant. In Cases 2, 5 and 7, and in two cases not included in this 
report, this same constancy was observed. 


SUMMARY 


1. The glucose tolerance of the approximately normal infant as 
determined by the Woodyatt method, is very likely identical with that 
of the normal adult which is 0.8 to 0.9 gm. per kilogram per hour. 

2. The tolerance of atrophic infants for glucose is considerably 
greater: it varied in our cases from 14 or 1.5 gm. to 1.8 gm. per 
kilogram per hour. 


3. Schlossmann: Ztschr. f. Kinderh. 5:227, 1912. 

4. Bahrt and Edelstein: Festschrift, Dr. O. Heubner, Berlin, 1913. 

5. Murlin and Hoobler: Am. J. Dis. Child. 9:81 (Jan.) 1915. 

6. McClure and Sauer: Am. J. Dis. Child. 10:425 (Nov.) 1915. McClure 
and Sauer: Arch. Int. Med. 21:428 (March) 1918. 














A CASE OF HYPERSENSITIVENESS TO COW’S MILK * 


EDWARDS A. PARK, M.D. 
BALTIMORE 


When the substitution of a food containing cow’s milk for a food 
not containing it is followed by vomiting and diarrhea, with perhaps 
other symptoms, it is easy to assume an idiosyncrasy which causes all 
food containing cow’s milk, however intelligently administered, to act 
like a poison. In all probability, in a considerable number of the cases 
reported in the literature as examples of hypersensitiveness to cow’s 
milk and a great proportion of those so regarded and treated in prac- 
tice, the patients suffered merely from ordinary forms of indigestion. 
Hypersensitiveness to cow’s milk has been made the subject of actual 
proof,’ like the hypersensitiveness to egg,” to ragweed pollen,® to pork,* 
and to other substances through its transference to animals by injec- 
tion with the patient’s blood serum. Strong corroboratory evidence 
of its existence can be obtained if precipitins are found in the blood,’ 
or by means of skin tests.° Evidence of its existence, essentially the 
equivalent of proof, may be furnished by clinical data alone, namely, 

*From the Pediatric Department of Johns Hopkins University. 

1. Schloss, O. M.: Allergy to Common Foods. A Preliminary Report, Tr. 
Am. Pediat. Soc. 27:60, 1915. 

2. Schloss, O. M.: A Case of Allergy to Common Foods, Am.. J. Dis. Child. 
3:341 (May) 1912. 

3. Koessler, K. K.: The Specific Treatment of Hay-Fever (Pollen Dis- 
ease), in Forchheimer’s Therapeusis of Internal Dis.. New York and London, 
D. Appleton & Co., 5:671, 1914. 

4. Bruck, C.: Experimentelle Beitrage zur Aetiologie und Pathogenese der 
Urticaria, Arch. f. Dermat. u. Syph. 96:241, 1909. 

5. The determination of precipitins to cow’s milk in the blood of the patient 
is not sufficient alone to establish proof of a hypersensitiveness to cow’s milk, 
because they have been found in the blood of marantic children who showed 
no evidence of hypersensitiveness to cow’s milk (Moro,’ Bauer’). 

6. Moro, E.: Kuhmilchprazipitin im Blute eines 4% Monate alten 
Atrophikers, Miinchen, med. Wchnschr. 53:214, 1906. 

7. Bauer, J.: Ueber den Nachweis der pracipitablen Substanz der Kuhmilch 
im Blute atrophischer Sauglinge, Berl. klin. Wchnschr. 93:711, 1906. 

8. Normal persons may give positive skin tests to protein substances to which 
they give no other evidence of sensitiveness, and conversely persons showing 
definite evidence of hypersensitiveness to a certain substance may fiil to give 
positive skin tests (Schloss,’ Longcope,’ Blackfan,” Cooke and Vander Veer"). 

9. Longcope, W. T.: The Susceptibility of Man to Foreign Proteins, Harvey 
Lecture, Philadelphia and London, 1915-1916, p. 271. 

10. Blackfan, K. D.: Cutaneous Reaction from Proteins in Eczema, Am. 
J. Dis. Child. 11:441 (June) 1916. 

11. Cooke, R. A., and Vander Veer, A.: Human Sensitization, J. Immunol. 
1:201 (June) 1916. 
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when the ingestion or introduction into the body of quantities of cow’s 
milk altogether too minute to be attended by any consequences in any 
other condition is regularly followed by characteristic symptoms as 
in the case now to be described. 


CASE REPORT 


A. B. C., a boy, was born March 2, 1916, and is now 3 years of age. 


Family History—The aunt on the father’s side believes that she has an 
idiosyncrasy to shellfish, inasmuch as she has twice developed severe urticaria 
a few hours after eating them. She has eaten shellfish on other occasions, 
however, without consequences. Both the paternal grandfather and great grand- 
father were subject all their lives to outbreaks of eczema of unexplained origin. 
With the exception of these facts the family history on the father’s side has 
no possible bearing on the boy’s illness. On the mother’s side of the family 
among the great grandparents, grandparents, and an exceedingly large number 
of collaterals, no record of any illness which could be interpreted as hypersen- 
sitiveness to protein can be obtained. The parents of the patient are both 
well. Certainly neither has shown any form of protein hypersensitiveness so 
far as is known. The sister of the patient, 4% years of age, has never been 
sick, except for an attack of otitis media, and certainly is not hypersensitive 
to any of the ordinary foods. No member of the family on either parent’s 
side, for four generations, including collaterals, has been subject to asthma 
or hay-fever. 

The diet to which the mother had always been accustomed was not peculiar 
in any respect. She had never been in the habit of drinking milk, though she 
had taken it in tea and coffee, with cereal, and as an ingredient in her food. 
During her pregnancy she did not alter her usual diet, and during the few 
days which immediately succeeded the birth of the baby she took milk only in 
very moderate quantities. 

Patient’s History—The birth of the baby was normal; the birth weight 
was 9% pounds. Theslabor lasted twelve hours and was not especially 
difficult. Physical examination shortly after birth revealed no abnormal 
condition. The baby was put to the breast on the second day, at six hour 
intervals, and from the third day on was nursed at four hour intervals. The 
flow of milk became established on the fourth day. The baby gained from the 
first at a normal rate. At the end of four months he weighed 17 pounds, and 
at the end of one year 23 pounds. Except for the illnesses about to be recorded 
he was never sick; he never vomited, never had loose stools, or showed any 
variation from the normal. In general his digestion seemed to be extraordi- 
narily good. He had one or two normal stools a day with an almost perfect 
regularity. 

First Two Attacks Following Ingestion of Cow's Milk—April 13, 1916, 
when the baby was six weeks old, the 2 p. m. nursing was omitted and a 
bottle feeding, composed of 1 ounce of cow’s milk, boiled for five minutes, 2 
ounces of boiled water, and one-half a level teaspoonful of cane sugar was 
substituted. It cannot be found that the baby had ever received cow’s milk 
previously.” Of this artificial feeding the baby refused all but 1 ounce, so 
that he swallowed altogether not more than 10 c.c. of cow’s milk. Unfortu- 
nately, he was not carefully observed after the feeding had been given. It 
is known merely that he went to sleep, remained asleep for some time, and 
when roused by the nurse vomited. He was excessively pale and “heavy.” 


12. Although no record that the baby had received cow’s milk at the mater- 
nity hospital where the mother was confined can be found, such a possibility 
cannot be excluded. 
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When offered the 6 p. m. nursing he refused it and vomited again, and then 
once more fell into a heavy sleep. He took the 10 p. m. nursing, however. 
By the following morning he seemed much as usual. 

Inasmuch as the attack of vomiting just mentioned had occurred without 
apparent cause, the possibility that the baby might be hypersensitive to cow’s 
milk was considered. Accordingly, one month later (May 11, 1916) when the 
baby was 10 weeks old, a mixture of one teaspoonful of cow’s milk, boiled 
for five minutes, and one teaspoonful of water was given with the special 
object of determining whether a quantity of cow’s milk too small by any pos- 
sibility to produce indigestion would cause a recurrence of the illness just 
described. The baby took only one teaspoonful of the mixture, and therefore 
swallowed only one-half teaspoonful of cow’s milk. Immediately afterward he 
was put to the breast, which he took in a normal manner. Not very long after 
the nursing was finished the baby fell asleep. Occasionally he opened his eyes 
and several times he yawned. His face became flushed. At 5:55 p. m., four 
hours and fifty-five minutes after he had received the half teaspoonful of 
cow’s milk, he vomited a small amount, and ten minutes later a large amount 
of bile-stained fluid. He had become exceedingly pale and seemed greatly 
prostrated. Shortly after the recurrence of the vomiting he had two large 
loose stools containing mucus. Again he refused the 6 p. m. nursing, and slept 
heavily until 10 p. m., when he awoke and nursed in a normal manner. The 
following day he seemed to his mother to be pale and drowsy, but. by the third 
day he was normal. 

Skin Reaction to Milk. Attempts at Demonstration of Hypersensitiveness to 
Cow’s Milk by Skin Tests—May 25, 1916, when the baby was 12 weeks old, an 
attempt to demonstrate local hypersensitiveness of the skin to cow’s milk by 
means of scratch tests was made. A drop of a 1:10 dilution of cow’s milk and |. 
one drop each of a 1: 100 dilution of goat’s milk and of distilled water, the 
two latter as control substances, were placed at well separated points on the 
leg and crossed linear scarifications of the skin were made through them 
by means of clean needles. Traumatic reactions followed immediately at all 
three points of injury, but a-.reaction in excess at the site of the scarification 
through the cow’s milk did not develop. Although the cutaneous test with the 
cow’s milk was negative, a delayed general reaction seemed to occur, for the 
baby fell into the drowsy state previously mentioned, and four hours after the 
test had been made vomited and had two loose stools.” 

At about this time a small quantity of goat’s milk was fed to the child and 
produced no symptoms. 

13. In the well known case of hypersensitiveness to buckwheat described by 
Smith" a general reaction followed a local skin test. “The left arm was scari- 
fied in two places under strict antiseptic precautions. Without the patient’s 
knowledge, an amount containing a grain of buckwheat was taken from a 
sterilized infusion of the cereal and rubbed into the upper scarification, while 
a mixture of sterile flour and water was applied to the lower one. The denuded 
areas were situated about three inches apart. Within fifteen minutes 
after the vaccination the patient remarked, ‘the buckwheat is beginning to 
work.’ He complained of a ‘tight feeling’ in his chest, and of nausea in the 
‘pit of his stomach.’ He began to cough at frequent intervals, and there was 
noted increase in the respiratory movements; asthmatic breath sounds; rapid 
pulse which soon became intermittent; suffusion of the conjunctivae; an ery- 
thema, more pronounced on the face, neck, forearms, hands, chest and back 
than on the buttocks, abdomen and lower extremities; intense pruritus; slight 
swelling of the features, hands and fingers; giddiness, restlessness and unsteadi- 
ness in the gait.” 

14. Smith, H. L.: Buckwheat Poisoning; with a Report of a Case in Man, 
Arch. Int. Med. 3:350 (March) 1909. 
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Intracutaneous Tests with Various Proteins with Resulting Attack—May 28, 
1916, the baby ‘was taken to Johns Hopkins Hospital, and at 1 p. m. was given 
intracutaneous tests with a series of different protein substances (Table 1) by 
Dr. K. D. Blackfan. Observations were made by Dr. Blackfan at five minute 
intervals over a period of half an hour. An area of erythema and edema not 
exceeding 5 mm. in diameter appeared within the first five minutes at the sites 
of all the tests, but did not extend sufficiently around any one to make it pos- 
sible to regard it as positive. At the end of the half hour’s observation, at 1:30 
p. m., the baby was taken home. During the drive home the baby became much 
flushed and fell into a heavy sleep. At 3:30 p. m., three and one-half hours 
after the injections, he awoke, turned white, and vomited twice. He appeared 
to his mother to be very sick. At 4 p. m., when seen by a physician he 
was pale, appeared greatly prostrated, and yawned repeatedly. The pulse was 
150; respirations 48; rectal temperature 99.2 F. The respiratory murmur was 
normal. It was then observed that considerable induration, an area measuring 
roughly 1% cm. in diameter, existed at the point of injection of the cow’s 


TABLE 1.—SHowinc REsutts oF INTRACUTANEOUS TESTS WITH 
ProTEIN SUBSTANCES * 








Period of Observation 




















He 5 Min. 10Min. | 15 Min. | 20 Min. | 25 Min. | 30 Min. 

Woman’s milk undilutedt.... No reac- No reac- | No reac- | No reac- No reac- No reac- 
tion} tion | tion | tion tion tion 

Cow’s milk 1:100 solution..... No reac- No reac- | No reac-| No reac- Noreac- No reac- 
tion tion tion tion tion tion 

Egg albumin 1:10 solution.... No reac- No reac- | No reac- | No reac- Noreac- No reac- 
tion tion tion tion tion tion 

cs Sectccassnaeces No reac- No reac- | No reac- | Noreac- Noreac- No reac- 
tion tion | tion tion tion tion 

re No reac- No reac- | No reac- | No reac- No reac- No reac 
tion tion | tion tion tion tion 

Horse serum 1:10 solution .. No reac- No reac- | No reac-| No reae- | No reac- No reac- 
ticn tion | tion | tion tion tion 

Ed ccnsincssovsses No reac- No reac- | No reac- | No reac- | No reac- No reac- 
tion tion tion tion tion tion 


* Tests performed by Dr. K. D. Blackfan. 

+ 0.05 c.c. of each solution injected intracutaneously. 

t At the point of inoculation of each substance an area of erythma and edema not 
exceeding 5 mm. in diameter appeared within the first five minutes but, as it did not increase, 
it was regarded as negative. 

§ No observation was made from 1:30 p. m., when Dr. Blackfan made his last observation, 
until 4 p. m. at the end of the acute attack, when child was seen by doctor. At this time 
a mass of induration measuring 2.5 em. in diameter could be palpated about the point of 
injection of the cow’s milk. It was still present the following morning. 


milk, whereas none could be found at the points of injection of the other 
substances. Unfortunately, it is impossible to say at what time the local reaction 
at the point of injection of the cow’s milk developed, because no observation 
was made between 2 p. m., the hour when the child left the hospital, and 
4 p. m., when he was examined by a physician. The induration lasted a 
considerable time and was still present, though much diminished, the follow- 
ing morning. Following the attack the baby took the 6 p. m. and 10 p. m. 
feedings in a normal manner, but had two loose stools containing mucus. 
Attack Following Feeding of Few Drops of Condensed Milk.—At 10 a. m., 
June 1, 1916, when the baby was 13 weeks old, he was given through a mis- 
take two to three drops of a solution of one part of condensed milk and 
twelve parts of water. Within half an hour after he had taken the condensed 
milk he became drowsy and slept for two hours and fifty minutes. The illness 
which followed may best be described in the words of the mother. “Waking 
he vomited violently yellowish green bile, no milk; turned very pale; began 
to take short panting breaths. His eyes rolled upward. His lips turned blue. 
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He vomited again and lay exhausted. Turning again deathly white he vomited 
once more and panted for breath. He was too far gone to cry. His lips again 
turned blue. He vomited again and had a big green stool.” The attack lasted 
forty-five minutes. The mother thought death imminent. When the physician 
arrived, more than three-quarters of an hour after the commencement of the 
attack, the acute symptoms were virtually over. The child was exceedingly pale, 
and lying motionless on his back on a pillow, with head thrown back and 
eyes half open, and pupils lost to view beneath the upper lids, giving the 
impression of being extremely prostrated. The respirations were 46 to the 
minute but: were not especially deep; the pulse was 150; rectal temperature 
99.2 F. Examination of the heart, lungs and abdomen revealed no abnormal 
conditions; the breathing was not asthmatic; the refiexes were normal. Fol- 
lowing these alarming symptoms the baby slept for one hour, but took and 
retained his 6 p. m. nursing. The following day he appeared to be well again 
except that he was pale and seemed tired. 

In the latter part of August a goat was purchased, inasmuch as the supply 
of breast milk showed signs of failure, and September 30 the weaning from 
the breast to goat’s milk was begun. The weaning, accomplished without dif- 
ficulty or any event of importance, was complete November 2, when the baby 
was 8 months old. 

Attack Resulting Probably from Ingestion of Bread Containing Cow’s Milk. 
—On the morning of Oct. 31, 1916, when the mother lifted the baby out of the 
crib she found a large quantity of vomitus on the baby’s pillow. Inasmuch as 
the baby had never vomited on a single occasion, except after the administration 
of cow’s milk, as recorded above, it seemed not improbable that he might have 
received by accident cow’s milk in his food of the previous evening. Although 
the greatest care was taken at the dairy farm at which the goat was kept, and at 
the baby’s home where cow’s milk was used for the other members of the family 
to prevent the entrance of cow’s milk into his food, accidents of this nature 
could not be precluded absolutely. On telephoning to the dairy and on question- 
ing the servants in regard to the preparaticn of the baby’s food on the previous 
day, no evidence that the baby had received cow’s milk could be found. A 
clue was finally supplied, however, by the cook, when she said that at 6 p. m. 
she had seen the baby eat a piece of baker’s bread about as large “as the end 
of the thumb” given to him by his sister. On communicating with the bakery 
the information was obtained that milk had been used in the preparation of 
the bread. A week later the baby was given a piece of bread of a correspond- 
ing size made without milk, but manifested no symptoms. 

Renewed Attempts at Demonstration of Hypersensitiveness of Cow’s Milk.— 
Some time in the latter part of December (the exact date not recorded) another 
attempt to demonstrate hypersensitiveness to cow’s milk by means of a skin test 
was made. The technic employed was this time that advised by Craig for the 
cutaneous test with tuberculin. A drop ‘of cow’s milk and of goat’s milk 
were placed on the skin of the leg at the same distance from each other, and 
six Or more punctures of the superficial portions of the skin made through 
them. The tests were started at 1:15 p. m. At 1:25 p. m. a wheal about 
3 mm. in diameter had developed about each point of scarification surrounded 
by a faintly pink areola. The two test areas were observed for more than 
two hours, and though the inflammatory reaction around the test made through 
the cow’s milk became slightly larger than that made through the goat’s milk 
no well marked difference developed. Jan. 7, 1917, these tests with the cow’s 
milk and goat’s milk were repeated. Ten minutes after the tests had been 
made a tiny wheal surrounded by a faintly pink areola appeared about the 
scarification through the goat’s milk, whereas an oval area of redness about 
3 cm. long and 1.5 cm. wide, with considerable central induration, developed 
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at the site of the test made through the cow’s milk. Three quarters of an 
hour after the tests had been made the red areola about the point of inocu- 
lation with the cow’s milk had decreased slightly, but could be seen across 
the room, and could easily be palpated, whereas the reaction about the site 
of the goat’s milk test remained essentially as before. No constitutional reac- 
tion of any sort was observed after these two cutaneous tests. 
Desensitization to Cow’s Milk—Sept. 10, 1917, when the baby was 18 
months of age, it was determined to make an attempt to desensitize him 
by the administration by mouth of minute quantities of cow’s milk. Accord- 
ingly, at 8 a. m. with the morning feeding 0.001 c.c. of cow’s milk was 
given. The baby showed no symptoms until the afternoon, when he became 
pale and appeared sick, lying down, refusing part of his food, and crying 
as if in pain. Becoming worse in the evening the temperature was taken and 
found to be 102 F. Examination revealed otitis media, fully explaining the 
baby’s condition. Further attempts at desensitization were, therefore, deferred. 
The baby recovered from the otitis media in about two weeks, but remained 
pale, and appeared to lack his former vigor for several weeks afterward. 
Nov. 4, 1917, the attempts at desensitization were renewed. The baby was 
now 20 months of age. He had begun to stand at the age of 12 months, 
and to crawl vigorously at 15 months, but had not walked alone until 18 
months. As soon as he was able to crawl from one part of the house to 
another, and particularly after he had learned to walk, it had become increas- 
ingly difficult to safeguard him against the ingestion of food containing cow’s 
milk. On a number of occasions he had succeeded in obtaining crumbs of 
baker’s bread and more than once bits of buttered toast which had fallen on 
the dining room floor or had been given to him by his sister, who seemed 
bent on bringing about his discomfiture whenever possible. In spite of the 
fact that the particles of food which he succeeded in eating often must have 
contained traces of cow’s milk he had not once become sick. It seemed 
probable, therefore, that he had partially at least desensitized himself, or had 
begun to outgrow his hypersensitiveness. Accordingly, it was determined to 
administer one drop of undiluted cow’s milk as an initial dose. Nov. 4, 1917, 
this was done; at 8:40 a. m. one drop of cow’s milk was given followed imme- 
diately by breakfast. After the ingestion of the one drop of cow’s milk no 
effect was noted. There was no drowsiness or vomiting and the pulse remained 
unaltered. November 5, two drops were given at 8:20 a. m. with the break- 
fast without the production of any change in the baby’s condition. On 
November 6, at 8:20 a. m., four drops were administered with the breakfast. 
At 9:30 a. m., the baby, who had been playing about the dining room table, 
suddenly stopped, turned pale, and lay down on the floor on his side with 
his head on the rug, which he had never done previously. He was immedi- 
ately taken up and put to bed, where he slept for some time. He did not 
vomit. The rectal temperature was 99.2 F. November 7 he was given five 
drops of cow’s milk at 8 a. m. At 9:15 a. m. he again became pale, stopped 
his play, and lay down on the dining room floor. He was again placed in 
his crib, but at the end of an hour seemed to have recovered entirely. His 
temperature remained normal and no vomiting occurred. November 8 he 
was given ten drops of cow’s milk with his breakfast at 8:15 a. m. At 
9:15 a. m. it was noticed that he had turned pale, and at 9:30 a. m. he 
went to sleep for half an hour Ordinarily he never became sleepy at this time. 
November 9 he was given fifteen drops with his breakfast at 8:15 a. m. 
At 9:15 a. m. he appeared paler than previously, but did not become drowsy. 
November 10 he was given thirty drops at 8 a. m., and November 11, sixty 
drops, but showed no symptoms. November 12 he received 7.5 c.c. of cow’s 
milk at 8:15 a. m. At 9:50 a. m. he appeared pale, went to his nurse, lay 
on her lap for ten minutes very quietly, then climbed down again and began 
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to play in a normal manner. November 13 he,received 10 c.c. without the 
production of any symptoms. From November 13 on he showed no symptoms 
after the ingestion of quantities of cow’s milk, which were steadily increased, 
first by 1 c.c. daily (November 16 he received 14 c.c.), then by 2 c.c. (Novem- 
ber 17 he received 16 c.c.), and finally by the addition of 3 c.c. (December 1 
he received 60 c.c.). December 2 he was given a cup of cow’s milk instead 
of goat’s milk, and by December 10 he took one-half liter, the goat’s milk 
being omitted altogether. 

Present Condition—Now, at 3 years of age, the child is perfectly well. He 
drinks regularly a pint of cow’s milk daily. He does not dislike his milk, but 
does not care for it especially, always drinking water in preference to it, 
and regularly leaving it until the last. He has had another attack of otitis 
media, and a few days ago on coming from Florida to his home in Balti- 
more he broke out with an eczematous eruption which could not be explained. 
He has had no recurrence of symptoms such as have been described. It is 
certain that the child is not affected by egg. 


Perhaps the most unusual feature of the case was the delay in the 
development of the anaphylactic response, which in the early period 
did not reach its climax (as indicated by the act of vomiting) for from 
three to more than four and one-half hours after the ingestion of the 
cow’s milk, and not for three and one-half hours after its introduction 
under the skin. It does not seem probable that the delay was caused 
by slow passage through the gastro-intestinal tract or slow absorption, 
because the same delay occurred after the injection of the milk into the 
skin. The data at hand are too limited, however, to permit speculation. 

Another interesting feature of the case is that the sensitiveness, 
though apparently exceedingly marked in the earlier months of life, 
exhibited a tendency to disappear spontaneously rather early. As 
already pointed out, however, the child may have succeeded in desensi- 
tizing himself to a certain extent when he became old enough to crawl 
about and find crumbs of food sometimes undoubtedly containing 
traces of cow’s milk. The interval between the time of ingestion of the 
milk and the full development of the symptoms also seemed to diminish 
as the child became older (Table 2). When desensitization was begun 
at the age of 20 months, it will be remembered, the symptoms appeared 
within an hour and one quarter if at all. It was impossible to deter- 
mine exactly at what moment the reaction began, and, therefore, the 
true incubation interval could not be measured. As has happened in 
the experience of others, the cutaneous tests failed to give clear indi- 
cation of the actual condition. The single intradermal test did, how- 
ever, give an unequivocal reaction which was late in development like 
the symptoms. It indicated that the subcutaneous tissues or blood 
possessed the capacity to react in the presence of a sufficient concen- 
tration of antigen. Only in one of the attacks were symptoms present 
which indicated that the reaction had extended beyond the gastro- 
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intestinal tract and involved other parts of the body, namely, the 
attack of June 1 which followed the ingestion of three drops of con- 
densed milk. On that occasion, it will be recalled, severe respiratory 
symptoms were present. On all other occasions the clinical manifesta- 
tions were limited to drowsiness, flushing of the face, yawning, later 
pallor, vomiting, prostration, anorexia and diarrhea. Though the reac- 
tion may have been systemic, there was never any clinical indication 
that such must be the case, with the exception, perhaps, of the attack 
of June 1 to which reference has just been made. 


TABLE 2.—ImMportant DATA IN REGARD TO REACTIONS OF PATIENT 
To Cow’s MILk 


Interval 


Mode bet ween 
Quantity of Entrance 

Date Age of Admin- of Milk into Symptoms 
Milk istra- Body and 


tion Full Develop- 
ment of 
Symptoms 


4/13/16 6 wks. 1% OZ. Mouth 38%todhrs. Pallor, drowsiness, vomiting 

5/11/16 10 wks. ¥% teaspoon- Mouth 4 brs. Drowsiness, flushed face, yawning, 

ull 55 min. vomiting, prostration, diarrhea 

5/25/16 12 wks. One drop of Skin 4 hrs. Drowsiness, vomiting, diarrhea 

a 1:100 (searifi- 
solution cation) 

5/28/16 | 12% wks. 0.01 ¢.¢. Skin 3% hrs. Local induration of skin at site of 
(intra- test; drowsiness, flushing of face, 
dermal later pallor, vomiting, yawning, 
injec.) prostration, diarrhea 

6/ 1/16 13 wks. 2to3drops Mouth 2 hrs. Drowsiness, repeated vomiting, pal- 

sweetened 50 min. lor, dyspnea, cyanosis of lips, great 
condensed prostration, diarrhea 
milk 

11/ 6/17 20 mos. 4 drops Mouth lhr.10 min. PaWor, drowsiness, faintness, no 

vomiting 

1l/ 7/17 20 mos. 5 drops Mouth 1lhr.15min. Pallor, drowsiness, faintness, no 


vomiting 
11/12/17 20 mos 7.5 ¢.e. Mouth 1hr.35min. Pallor, drowsiness, faintness 


There was never any depression of the temperature. Moreover, 
the child, so far as is known, never passed into an anti-anaphylactic 
state. The reaction of May 11 did not prevent the reaction of May 25 
from taking place, and the severe reaction of May 28 did not prevent 
the still more severe reaction of June 1 from occurring. It seems 
necessary to assume either that the provocative dose of cow’s milk was 
insufficient to produce a systematic reaction of sufficient magnitude to 
confer temporary immunity, or else that the reaction was essentially 
a local one, limited to the gastro-intestinal tract. Again, however, 
speculation is not justified. 
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The existence of hypersensitiveness to cow’s milk in an infant of 
six weeks who had never been known to receive cow’s milk previously 
makes it necessary to regard the condition as prenatal in origin. The 


possibility that the hypersensitiveness was derived passively from the 
mother is excluded, if for no other reason, by its duration. In the 
absence of evidence that the peculiarity was acquired it must be 
regarded as having been inherent in the germ plasm. - 


The writer wishes to express his thanks to Professor Howland and to Dr. 
K. D. Blackfan and Dr. G. Powers for their advice and assistance 
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CLINICAL DEPARTMENT 





A CASE OF ANOMALY OF THE DIAPHRAGM 


WITH HERNIATION INTO THE THORAX OF CERTAIN VISCERA RESULTING 
IN A GASTRIC AND INTESTINAL OBSTRUCTION 


L. R. DeBUYS, B.S., M.D. 
Professor of Pediatrics, School of Medicine, Tulane University 


NEW ORLEANS 


REPORT OF CASE 


Dorothy C. was admitted into my service at the Touro Infirmary May 2, 1919. 
She had been ill two days prior to admission and was sent to the institution by 
a physician with the diagnosis of “locked bowels.” 

Past History—She was four months and five days old, and was the only 
child of apparently healthy parents. There was no history of miscarriage and 
the delivery of the patient was normal, except that the cord was wound around 
the neck. No instruments had been used. She had had no “blue” spells, and 
had been perfectly well and healthy up to the age of three months when she 
had a peculiar attack of colic with twisting and straining. This “spell” was 
promptly relieved by the administration of milk of magnesia and an enema, 
after which she “got all right.” Another similar attack occurred between the 
first one and the one for which she was admitted. It was a little more pro- 
nounced than the first, but she promptly recovered from it also, the same treat- 
ment being employed. 

Present Illness —Two days previous to admission her parents had gone on a 
trip to the lake shore, and while there the patient began making a grunting noise. 
On the way home a “weak spell” occurred, and on reaching home the baby 
wanted to vomit, but could not. From this time on she could not nurse. What 
was taken would come up immediately as it went down. Her bowels, however, 
moved this day. The next day the grunting continued, becoming worse as time 
passed. Attempts were made as on the two previous occasions to overcome the 
condition, but it was impossible to give anything by mouth as she would 
“not swallow it,” and enemas brought back nothing. She became progressively 
worse and was in a desperate condition when I saw her for the first time. 

Physical Examination.—Dorothy was an apparently well developed and well 
nourished baby, acutely ill, with a rapid respiration, 78 per minute, and a pulse 
of from 150 to 160 per minute. Her temperature was 103 F. and rapidly rose 
to 104 F. The respirations were suggestive of a pneumonia, being jerky, and 
with a respiratory grunt, accompanied with movements of the alae nasi. On 
inspection, the chest showed’ less movement on the left side both anteriorly 
and posteriorly, and it was apparently not as full as on the right side. Palpa- 
tion revealed less fremitus on the left side as compared with the right side. On 
percussion the resiliency of the right thorax seemed normal, but it was absent 
on the left side, and the notes elicited were different. On the right side the 
note was apparently normal or probably a little hyperresonant, while on the left 
side it reminded one of a note with an element of tympany. On auscultation, 
the voice and respiratory sounds on the right side were distinctly puerile, 
while on the left side they were absent. There were no rales. The heart was 
displaced to the right, the apex beat was in the median line on its normal level. 


* Read before the American Pediatric Society, June, 1919. 
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The abdomen was flat and soft, and presented a tumor in the epigastric and 
left hypochondriac region. It was lying transversely, was about the roundness 
of a small banana, and seemed to be from three to four inches long. It was 
distinct from the lower border of the ribs. It was immovable. The liver was 
normal; the spleen could not be differentiated from the tumor. Otherwise the 
abdominal examination, as well as the rest of the physical examination, was 
negative. 

A digital examination was made which showed no tumor in the pelvis nor 
in either of the regions of the descending or ascending colon, but there was a 
tumor conforming to the one already described, slightly boggy, and in places 
giving the sensation of fluctuation. 

Blood Examination—The blood examination showed a total leukocyte count 
of 29,500 with an 88 per cent. polymorphonuclear-neutrophilic cell count. 

A bismuth enema was given with the baby in an inclined plane of about 
30 degrees, head down. Only a small quantity of the enema could be given, 
as the baby would expel it promptly and at regular intervals, so that the time 
was judged and just before the enema was expelled a roentgenogram was made 
(Fig. 1). This clearly showed an obstruction. The roentgenogram suggested 
an intussusception. Remembering, however, the physical findings of the chest 
with the displacement of the heart to the right, the thorax in the picture was 
read. This showed a decided shadow an the entire left side. As the shadow 
was on the side where the physical findings were decidedly against even the 
suggestion of a pneumonia, and as the duration of the illness was hardly 
sufficient to have produced an empyema, and as an empyema sufficient to pro- 
duce a displacement of the heart would at least not have given to the thorax 
an appearance of being not as full as the opposite side, the surgeon, Dr. Russel E. 
Stone, who was called in for operation for the obstruction, was requested to 
look for the possibility of a diaphragmatic hernia. This was shown to exist 
at the operation. 

Operation.—Assisted by Drs. I. M. Gage and J. D. Rives, and with the patient 
under ether anesthesia administered by Dr. A. B. Pitkin, Dr. Stone performed 
the operation which he describes with his findings as follows: 

“An incision was made in the midline extending from the umbilicus to 
about an inch above the symphysis pubis. The peritoneum was opened showing 
the usual amount of clear, straw-colored fluid in the abdomen. The intestines 
were found empty and contracted, and of normal color; the peritoneum was 
glistening and not congested; no omentum was visible. Palpation under the 
upper angle of the incision revealed a tense fluid tumor under the left costal 
arch, about the size of an ordinary goose egg; inspection showed this tumor to 
be of the color of gangrenous bowel with blood vessels standing clearly on the 
surface; some hemorrhagic areas were also visible. On palpating the tumor 
there was a sudden gush of a blood tinged watery fluid through the nostrils 
and mouth; at this point there was a cessation of breathing, and all attempts 
at resuscitation were futile. The incision was then prolonged upward to the 
left of the umbilicus, almost tq the xiphoid; the great omentum and transverse 
colon were still not visible. The spleen was now seen lying on top of the tumor, 
with its long axis transverse to the abdomen and its convex surface lying 
against the diaphragm, and the lower edge just under the left costal arch. It 
was intimately adherent to the tumor on its anterior aspect. 

“A complete exploration of the upper abdomen was now made; the liver 
and gallbladder were found to be normal, but the tumor was attached to the 
hilum of the liver; the transverse colon was still not in sight. Digital exam- 
ination revealed a hiatus in the diaphragm under the tumor which was dis- 
tinctly felt to be continuous with another fluid mass in the thorax. The 
incision was now prolonged upward to the left of the sternum, the costal car- 
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Fig. 1—The shadow in the left side of the chest is quite apparent, and 
inasmuch as the heart was displaced to the right, a diaphragmatic hernia was 
suspected. 
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tillages were divided, and the left chest opened revealing the fundus and the 
greater part of the body of the stomach, the transverse colon and great 
omentum in the thoracic cavity. No pleural sac was found over these viscera, 
they were of normal color; the stomach was distended and the colon empty. 
(Fig. 2.) 

“The diaphragm was divided down to the hiatus. The tumor consisted of the 
pyloric portion of the stomach twisted on its axis at the hiatus behind the 
diaphragm, so that the greater curvature with the attachment of the gastro- 
splenic omentum lay in contact with the inferior surface of the diaphragm, 
under the left costal arch. Thus the pyloric portion of the stomach was 

















Fig. 2.—Schematic relations of viscera in thorax and in abdomen. 


strangulated and the pylorus closed by torsion, while the portion of the stomach 
in the chest cavity was not strangulated. The transverse colon and omentum 
had slipped up behind the stomach. 

“The left lung was collapsed and showed no evidence of pneumonia. The 
heart was displaced to the right so that the apex lay on the spinal column at 
about the fourth chondrosternal junction. The wound was closed with two 
layers of continuous catgut sutures.” 

Diagnosis.—Diaphragmatic hernia containing the stomach, transverse colon 


and great omentum. 
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Being desirous of more information with regard to the diaphragm 
and left thorax and the displacement of the heart, after much per- 
suasion a partial necropsy was granted by the parents under the 
agreement that the body, the abdomen and thorax only, were to be 
inspected without removal of any tissue, and that the necropsy was 
to be done through the wound resulting from the operation. The 
necropsy was performed by Dr. C. W. Duval, whose report is as 
follows : 

NECROPSY REPORT 


The body was that of a baby well developed and well nourished, about 
four months of age. The interior of the abdomen and thorax were exposed 
by opening the wound resulting from the operation, which extended from 
slightly below the umbilicus upward to the right of the xiphoid process; the 
intercostal cartilages of the lower ribs had been incised. A good view of the 
abdomen and thorax was obtained. On inspection, the lower end of the 
esophagus and the first portion of the duodenum were found to be ligated and 
the stomach and spleen missing; the latter had been removed at the time of the 
operation after the death of the child. The left suprarenal was found to be 
enlarged and hemorrhagic, and was removed for microscopic study. The small 
and large intestines were normal. 

The diaphragm was next examined very carefully; the normal openings 
(vena caval, esophageal and aortic) were intact and presented no defects; its 
attachments were normal, except in its posterior left half. From a point 6.5 cm. 
from the vertebral column, for a distance of 5 cm. at the level of the sixth rib 
(at which point it became attached again), there was no attachment; there was 
a hard cord bridging over this area in a dome-like manner. This section of 
the diaphragm was removed. 

The left lung was found to be atelectatic, except for a small portion of 
its periphery. The heart was displaced to the right side; the apex was beneath 
the sternum. The right lung was found to be perfectly normal and had been 
functioning property. 

The stomach appeared bent on itself at a point from above downward 
beginning at the esophageal end anteriorly. There was another twist that 
appeared to be anterior to the pyloric orifice. The twisting in these two por- 
tions had cut off certain blood supplies which resulted in gangrenous necrosis 
of the stomach wall. There were three different areas of gangrenous necrosis. 
One was on the anterior surface of the stomach beginning along the lesser 
curvature at the pylorus and extending to the esophageal orifice; this area 
extended down over the anterior surface of the stomach in a fanlike manner 
for a distance of 5 cm. The second area of gangrenous necrosis appeared 
posteriorly and was about the size of a 50-cent piece; its situation was near the 
lesser curvature. The third gangrenous area, the longest of the three, included 
almost all of the fundus for the anterior surface of the stomach. 

The transverse mesocolon and the gastrosplenic omentum also showed 
definite areas of gangrene. The stomach contained much coagulated and 
liquid blood. 

The spleen, aside from marked congestion, appeared normal. 

The section of the diaphragm removed for study showed the band to 
consist of a crude cordlike mass, thicker in the center than at its attachment 
ends. The cross section measurement at the center was 4 mm. and at the 
ends 2 mm. This cordlike bridge was perfectly smooth and glistening in ‘its 
entire extent. 
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Microscopically, the cross section of the cord showed a central mass made 
up of aggregated bundles of muscle fibers for the most part running in one 
plane along the length of the cord. There were, however, those bundles that 
were in other planes running more or less oblique to the long diameter of the 
cord. This central core of muscle bundles was enveloped for 90 degrees of the 
arc by a normal zone of connective tissue; over this zone of connective tissue 
there was attached the pleural and peritoneal serous membranes. 

Throughout the pancreas there was extensive necrosis both of the acini and 
the Langerhans islands, except in a few small areas at the tail, which were in 
a normal state of preservation. The necrosis of the pancreas had undoubtedly 
resulted from a twisting of the organ in such a way as to hurt its blood supply. 
The absence of fat necrosis in the abdominal tissues at necropsy further indi- 
cated that the destruction of the pancreas was quite recent. 





Fig. 3—Diaphragm seen from below upward. Error of attachment on left 
side. 


The left suprarenal showed also that its blood supply had been interfered 
with because of the extensive hemorrhage that appeared in the medulla. The 
cortical tissue appeared not affected. The right suprarenal was negative. 


DISCUSSION 
This case showed many points of interest. The two previous 
attacks were probably caused by a slight involvement of the intestine 
through the abnormal opening, but the fatal attack apparently began 
with an involvement of the stomach and later because of the straining 
the colon became complicated. In substantiation of this fact may be 
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offered the gangrene of the stomach and the normal tissues of the 
intestine found at operation. Again the bowels discontinued moving 
the day following the onset of the attack showing the colon to be free 
later than the stomach; also there was no distention of the intestines 
either small or large, due to the fact of their having become relatively 
emptied after entrance of food from above and exit of the food from 
below before obstruction of the colon. 

The obstruction of the stomach is of extreme interest both because 
of the pressure with occlusion at the cardia and the twisting of the 
pylorus with its obstructon at the point of entry into the thorax. 
The fatal termination was probably due to shock. The blood-tinged 
watery fluid which came through the nostrils and mouth was part of 
the contents of the stomach expelled when the pressure at the cardia 
was relieved. While the baby died of shock at the time of operation 
it is hardly probable that the outcome of the case could have been 
different because of the physical condition of the patient, the dura- 
tion of the obstruction, and the gangrenous condition of the stomach. 

The absence of tenesmus with bloody stools in an obstruction 
involving the descending colon should require the exclusion of the 
diagnosis of intussusception. The roentgenogram without any evi- 
dence of air in the thorax, especially with an intestinal herniation into 
it and without any shadow due to bismuth, is of decided interest 
(Fig. 1). 

This hernia belongs to the false variety of the congenital type of 
diaphragmatic hernia being differentiated from the true variety by 
not having a sac. In this instance there existed two conditions not 
mentioned in the various classifications of diaphragmatic hernias, 
namely, strangulation and palpable abdominal tumor. 

The defect of the diaphragm (Fig. 3) in this case was a develop- 
mental error which occurred at the point at which in the develop- 
mental progress of the membranum transversum the attachment is 
completed last, namely, on the left side and posterior aspect. 
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PROGRESS IN PEDIATRICS 


RESUME ON THE CIRCULATORY SYSTEM 
REVIEW OF LITERATURE OF 1917, 1918 AND 1919 


HENRIETTA CALHOUN, M.D. 
IOWA CITY, IOWA 
THE HEART AND AORTA 

The study of the normal heart action is attracting an increasing 
amount of interest. Keith’ calls attention to the fact that the heart 
functionally consists of a central pump, the left ventricle, with three 
subsidiary loading pumps, the right and left auricles, and the right 
ventricle. Each chamber has a fulcrum, that of the auricle being 
applied through the fixation to the dorsal pericardial walls and through 
the pericardial extensions on the pulmonary vessels and lungs to the 
costal and diaphragmatic chest wall; the ventricles have two fulcrums, 
the fixed ascending stem of the aorta, and the movable fulcrum at the 
apex. 

With ventricular contraction the auricular base about the mitral 
and the tricuspid rings is reduced in size and through the action of 
muscles acting from the apical fulcrum is drawn down toward the apex, 
enlarging the auricles. This is the key to the venous pulse. The aortic 
base is unchanged and becomes the fulcrum from which the expelling 
musculature works. The muscles of the heart are arranged in groups 
of antagonistic muscles. In the left ventricle there is a circular expel- 
ling coat set between an outer and an inner spiral coat, the fixed axis 
passing from the mouth’ of the aorta to the apex. In systole the 
muscles approach this axis. All of the muscular coats ultimately end 
in the fibers of the internal spiral coat of the left ventricle, each seg- 
ment narrowing or expanding on the principle of the iris diaphragm. 
The auriculoventricular bundle ends in the trabecular network of the 
apex where ventricular systole begins. The antagonist muscles are 
the internal muscles of the columnae carnae and the papillary muscles 
which extend from the apex to the base of the auricles and the aorta, 
and the external spiral muscles on the outside of the ventricle wall 
which end at the aortic and auricular bases. These groups are antag- 
onistic to lengthening of the heart chamber. In early systole when 
the auricular base descends, the circular fibers are more than antagon- 


1. Keith, Arthur: Brit. M. J. 1:361 (March 30) 1918. 
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ized, but in the later phase of systole the circular fibers become 
dominant, and raise the auricular base. The apico-aortic fibers are 
sustaining and do not change in length during systole. 

In the right ventricle, the pulmonary orifice is not fixed, the 
infundibular bands from the right base acting as the fulcrum. The 
septum really belongs to the left ventricle and is only passively a wall 
of the right, so that the internal musculature running from the apex 
to the base is more highly developed on the right, with the pectinate 
muscles forming an opponent set. 

Smith? has an interesting study of the anatomy of the coronary 
arteries obtainéd by injecting the arteries with physiologic sodium 
chlorid solutions until the fluid returns clear and then injecting a 
solution consistng of 2 parts of barium suspended in 10 parts of 
water with a little tragacanth. Stereoscopic roentgenograms are made, 
and he finds studying thirty dog hearts and twenty human hearts that 
the coronary arterial distribution is very analogous in the dog and man. 
The youngest heart studied is that of a 6 months old infant. 

Minerbi® studied the responses of muscular tone in the heart 
chamber. A series of twenty strokes with the percussion hammer, is 
followed by retraction of the antrum, auricle or ventricle according 
to the line of strokes, of from 1 to 2 or more cm. inside of the previous 
outline. The normal retraction often totals 4 cm. for the heart in 
three minutes. Auricle, antrum and ventricle can retract independently 
of each other. In a normal heart, with the patient horizontal, if an 
attendant passively raises the legs to an angle of 75 or 80 degrees, 
then allows the patient to lower them slowly, there is definite retrac- 
tion of the auricles, while with myocardial weakness the auricles or 
both auricles and ventricles dilate. 

The electrocardiograph may be used to differentiate benign lesions 
in cardiac children from the serious cases with a bad prognosis. 
Halsey* says the most distinctive feature of heart muscle function is 
rhythmic contraction. The rate of conduction of the impulse in the 
ventricle is about 400 mm. per second, in the auricle about 1,000 mm. 
per second and in the Purkinje network the conduction rate is five 
times that of the other ventricular fibers. The left auricle contracts 
0.013 second later than the right auricle, and the ventricular contrac- 
tion is 0.2 second later. This interval between auricles and ventricles 
is the P-R time. Each contraction calls forth the full power of the 
heart muscle cells, and is followed by a period of rest. At the onset 


2. Smith, F. M.: Am. J. M. Sc. 156:706 (Nov.) 1918. 

3. Minerbi, C.: Revista Crit. di Clin. Med. 18:213 (May 12) 1917; abstr. 
J. A. M. A. 68:2011 (June 30) 1917. 

4. Halsey, R. H.: Arch. Pediat. 34:128, 1917. 
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of systole there is a short refractory period during which outside 
stimuli have no effect. The contraction wave passes from the right 
auricle to the left auricle, through the auricular-ventricular bundle 
to the ventricles. The RK wave on the graph is the ventricular con- 
traction or the apex beat and the radial pulse. At 72 beats per second 
the interval between R waves is 0.6 second. Halsey took records on 
ninety-two children. Irregularities due to auricular and sinus varia- 
tions in time are benign, while disturbances of the ventricular rate 
and rhythm, dissociation of ventricle from auricle, and auricular fibril- 
lation are of serious import. The vital importance of differentiating 
between benign and serious cases of cardiac diseasé in children is 
seen when, according to Holt,* there are 25,000 cardiac children in the 
New York public schools; while Ferguson® places the figure somewhat 
higher, one in every fifteen children. Wilcox’ points out that 49 per 
cent. of the children seriously incapacitated by cardiac conditions may 
be discharged from care in a country sanitarium able to lead a normal 
life. 

3rown,® reporting the tenth case of paroxysmal tachycardia in 
children, says that vagal influences or local lesions may depress the 
normal point of origin so that the pacemaker role may be assumed by 
other parts. Lesions in the endocardium or myocardium may cause 
abnormal rhythm. In auricular fibrillation and paroxysmal tachycardia 
the excitation waves are of ectopic origin arising below the sino- 
auricular-node. The auricle responds to each stimulus. In auricular 
flutter the rate is from 240 to 360 per minute, causing a fatigue block 
in the bundle of His so that only a small portion of the impulses pass 
to the ventricle. In children the auricular rate of paroxysmal tachy- 
cardia is seldom more than 200 to 250 per minute. 

In auricular flutter and auricular fibrillation Cohn and Lundsgaard® 
call attention to the fact that with irregular and uniform beats of the 
heart, the systolic and diastolic pulse pressure varies, especially in the 
large arteries. At the junction of the small arteries and capillaries 
there is a point where the head of pressure becomes effective. Using 
Gaertner’s method of blanching the finger by rolling a thick rubber 
ring down from the apex, a small pneumatic cuff is applied to the 
basal phalanx. This is connected with a pump and a manometer and 
the pressure raised, then the rubber ring is removed and as the pressure 
falls gradually in the manometer system, the point where color returns 


5. Holt, L. E.: Arch. Pediat. 34:12, 1917. 

6. Ferguson, J. S.: Arch. Pediat. 34:269, 1917. 

7. Wilcox, H. B.: Arch. Pediat. 34:43, 1917. 

8. Brown, N. W.: Am. J. Dis. Child. 14:287, 1917. 

9. Cohn, A. E., and Lundsgaard, C.: J. Exper. M. 27:505 (April) 1918. 
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to the finger marks the point where the manometer pressure equals the 
blood pressure. This reading in eight normal individuals averaged 
20 below the brachial pulse pressure. 

Bass*® considers heart block as an abnormal heart mechanism in 
which there is delay in, or absence of the response of the ventricle to 
the auricular impulses. The time of passage of the cardiac impulse 
as shown by the electrocardiograph varies with the age; in infancy 
being 0.10 second; in childhood 0.13 second, and at puberty 0.14 
second. ‘The distance on the electrocardiogram between the P wave 
(auricular systole) and the Q R S group (ventricular systole) is 
lengthened in heart block, with an increase in the a-c interval in the 
phlebogram. He reports heart block associated with a congenital heart 
lesion in a boy 15 years old. This is the fifth case in the literature 
of heart block due to congenital malformation. Septal defects do not 
involve the auriculo-ventricular bundle. “ Most cases of heart block in 
children are due to acute inflammatory conditions. Parkinson" reports 
heart block in a child after an acute attack of pneumonia during which 
the temperature rose to 109.6 F. 

3rown’™” presents a case of sino-antral block in a child 11 years 
of age, in which the arrhythmia was eliminated by atropin without 
causing any acceleraton of the heart rate. Cockayne’® from the Royal 
Naval Hospital reports on heart block and bradycardia following 
influenza, in seventy-one patients, 20 years old and under; 2:1 heart 
block occurred in eight cases; 3:1 heart block occurred in four cases 
and simple bradycardia in fifty-nine cases. 

In studying the functional capacity of the right heart Calandre’™ 
notes that the first sign of myocardial weakness is the loss of muscu- 
lar tone during the rest period. In the right heart this modifies the 
venous pulse. The normal venous pulse has three waves, a, c and v; 
to these with a slow heart beat is added a fourth wave, the s or h wave 
occurring during diastole following the v and preceding the a wave. 
With atony of the right myocardium this fourth wave is absent during 
those periods when inspiration coincides with the resting phase of the 
heart. 

To locate the electrical axis of the heart, Carter, Richter and 
Green? make use of an equilateral triangle inscribed within a circle 


10. Bass, M. H.: J. A. M. A. 70:287 (Feb. 2) 1918. 

11. Parkinson, J. P.: Lancet 1:184 (Feb. 3) 1917; Brit. J. Child. Dis. 14: 
112, 1917. 

12. Brown, N. W.: Arch. Int. Med., 24:458 (Oct.) 1919. 

13. Cockayne, E. A.: Quart. J. Med. 12:409 (July) 1919. 

14. Calandre, L.: Arch. d. Mal. du coeur. 10:651 (Dec.) 1917; abstr. 
J. A. M. A. 70:574 (Feb. 23) 1919. 

15. Carter, E. P., Richter, C. P., and Green, C. H.: Bull. Johns Hopkins 
Hosp. 30:162 (June) 1919. 
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divided into degrees, the horizontal axis corresponding to the O—180 
degree line. Each side of the triangle represents a lead, the side 
parallel to the horizontal axis representing Lead I. Coordinate squares 
are drawn within the triangle corresponding to each side. Then from 
the electrocardiogram reading of R and S — counting down from the 
side representing Lead I to the point where it intersects the reading of 
R, and S, of Lead Il] — one gets a point through which the radius 
showing the direction of the electrical axis passes. This is important 
because the manifest value or maximal distance separating two points 
between which there is developed potential difference is met only when 
the electrical axis and the lead employed lie in parallel planes. 

After the heart has stopped beating, and the index of muscular 
contraction has ceased to record, the electrocardiogram continues to 
register. Einthoven and Hugenholtz*® demonstrate that the apparatus 
used for measuring the index of muscular contraction is not sensitive 
to the slighter movements of the heart, and so does not register the 
exact instance when contractions cease. 

Morison" uses inhalation of amyl nitrite to increase the flow of 
blood through the auriculoventricular ring, thus favoring the produc- 
tion of the murmur of mitral stenosis. In six out of twelve uncertain 
cases of mitral stenosis an unmistakable presystolic murmur was 
demonstrated. 

Smith?® calls attention to a double click-like sound corresponding 
in time to the heart sounds, which is either faint or like the click of 
the telephone receiver, that occurs in wounds of the chest. He believes 
it is due to interstitial emphysema in the connective tissue of the lungs 
or mediastinum. 

Heart massage was successfully employed by Mollison*® in a case 
of heart failure under chloroform and ether anesthesia during an 
operation for the removal of adenoids and tonsils. An abdominal 
incision was made and thirteen minutes after the heart stopped mas- 
sage was begun, and kept up for four minutes, when the heart began 
to beat. Fisher?® used heart massage without operation on an infant 
born in pallid asphyxia. He pressed the right fingers deeply into the 
right epigastrium bringing them under the ribs and against the heart by 
invaginating the abdominal wall, then with the left fingers pressed on 
the chest at the left nipple, five or six quick thrusts started the heart to 


16. Einthoven, W., and Hugenholtz, F. W. N.: Nederl. Tijdschr. v. Geneesk. 
1:310 (Jan. 25) 1919; abstr. J. A. M. A. 72:1114 (April 12) 1919. 

17. Morison, R. A.: Brit. M. J. 1:452 (April 20) 1918. 

18. Smith, S. M.: Brit. M. J. 1:78 (Jan. 19) 1918. 

19. Mollison, W. M.: Brit. J. Child. Dis. 14:42, 1917. 

20. Fisher, F. C.: Brit. M. J. 2:215 (Aug. 18) 1917. 
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beating, and with artificial respiration breathing was begun in five 
minutes. Bost and Neve?! make a median abdominal incision above 
the umbilicus, then from the inside they cut the fibers of insertion of 
the diaphragm under the left costal margin, and introducing the right 
hand through the stretched opening into the thorax, the heart within 
the pericardial sac is grasped, with the right thumb resting under the 
sternum, and the fingers resting on the posterolateral surface of the 
pericardial sac, massage is applied. 

Poynton** emphasizes the effect of rheumatic infections on the heart 
in childhood. Acute tonsillitis, arthritis, chorea, purpuric spots and 
urticaria in children should always be considered an indication for 
examination of the heart. A study of the “threshold of organic dis- 
ease” based on 542 first attacks in children less than 12 years of age, 
shows heart conditions in 292; chorea in 268; arthritis and arthritic 
pain in 267 ; tonsillitis and sore throat in 147; nervous symptoms other 
than chorea in 80; anemia in 78 ; abdominal symptoms in 52; cutaneous 
symptoms in 39; cachexia in 39; nodules in 22; epistaxis in 9, and 
nephritis in 2. Of the infectious lesions of the heart, Poynton finds 
that acute dilatation is rarely fatal of itself; myocarditis is usually 
associated with an hereditary tendency to rheumatism and is rarely 
fatal in the first attack; and pericarditis is a severe infection often 
associated with a fatal carditis. In 150 necropsies on children dying 
of carditis, the pericardium was adherent in 113 cases and normal in 
only nine cases. 

Hall and Wilson** saw a case of traumatic pericarditis in a girl, 
12 years of age, who had pinned a rusty needle in the front of her 
dress. Following an attack of vomiting and pain in the chest only half 
of the needle was found. Five days later she developed fever and 
signs of pericarditis with effusion. The roentgen ray showed the 
needle extending through the chest wall over the heart, and the peri- 
carditis cleared up on removal of the needle. 

Kinsella,2* working on twelve cases of subacute or chronic endo- 
carditis (endocarditis lenta), with bacteremia finds nonhemolytic strep- 
tococci in all of them. These organisms fall into two groups. Strep- 
tococcus viridans and S. saprophyticus, the latter being very indifferent 
for mice. Blood transfusions were tried, and in two cases where the 
sterile physiologic sodium chlorid solution used was not freshly made, 
severe febrile reactions occurred, and the blood was completely sterile 
in twenty-four hours. This seems to show that the reduction in the 


21. Bost. T. C., and Neve, A.: Lancet 2:552 (Oct. 26) 1918. 

22. Poynton, E. J.: Brit. M. J. 1:249 (March 2) 1918; ibid. 417 (April 13) 
1918. 7 

23. Hall, A. J., and Wilson, J. B. F.: Lancet 2:856 (Dec. 8) 1917. 

24. Kinsella, R. A.: Arch. Int. Med. 19:367 (March) 1917. 
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bacteria is due to a reaction on the part of the patient rather than to 
the introduction of complementary substances or antibodies in the blood 
of the donor. 

Tuley and Moore® report an uncommon case of congenital endo- 
carditis in a boy, 13 years of age, where the pulmonary orifice was 
almost obliterated, the valves being covered with friable pendulous 
vegetations, and wart-like outgrowths filling the pulmonary artery. 
The foramen ovale is patent. In a review of the literature, only three 
cases were found in 2,400 medical admissions, with only one case 
diagnosed during life. Of 1,050 cases of valvular involvement, 0.01 
per cent. have only the pulmonary valve involved. Malloch and Rhea?® 
discuss endocarditis due to Bacillus influenzae, reporting two cases and 
reviewing the literature on the subject 

Aneurysm of the thoracic aorta is rare in children, only about 
twenty cases being on record. In Herman’s*’ case, a boy 13 years old, 
with a four plus Wassermann, the electrocardiogram showed ven- 
tricular predominence. Bronson and Sutherland*® report a case of 
aneurysm of the thoracic aorta in a child 6 years old, following a par- 
tial congenital stenosis of the ascending aorta. Rupture of the aneu- 
rysm caused death. Seven similar fatal cases are collected from the 
literature. Lutembacher®® reports two cases of aneurysm of the left 
auricle, one in a young boy suffering from a mitral lesion which was 
followed by an infectious endocarditis. The roentgen ray showed the 
right border displaced 1 cm. to the right and the apex 1 cm. to the left. 
The left auricle at necropsy formed an aneurysmal sac containing 250 
c.c. of blood. 

Jacigalupo*” reports what he believes to be the first case of con- 
genital cyst of the pericardium on record. It is a pear-shaped tumor 
in the region of the left auricle which weighs 30 gm. It is a muco- 
dermoid cyst or fetal inclusion of epithelial cells in the third or fourth 
branchial clefts. 

\itken®! found a case of congenital transposition of the heart with 
the liver and spleen in the normal position. 

F. Parkes Weber’s*? case of congenital heart disease, probably a 
pulmonary stenosis, is one of the 10 or 20 per cent. of congenital 


heart lesions found associated with mongolian idiocy. 
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BLOOD TRANSFUSION 


In cases of hemorrhage in the new-born, Lowenbury* transfused 
80 c.c. of blood into the longitudinal sinus, going in through the pos- 
terior angle of the anterior fontanel. In addition 80 c.c. of blood were 
injected under the skin of the abdomen. The child was stuporous and 
dying at the time of the transfusion, but assisted by artificial respira- 
tion it recovered. This method of transfusion in infants was first 
used by Knox,** who mixed 50 c.c. of blood with 60 c.c. of a sodium 
citrate solution and injected 15 c.c. directly into the longitudinal sinus, 
and 95 c.c. intramuscularly. Later, Berghausen* introduced from 150 
to 200 c.c. of citrated blood into the longitudinal sinus. Dunn*® used 
the longitudinal sinus as a method for the intravenous injection of 
glucose in infants. 

Vincent*’ uses a very simple and rapid method for obtaining the 
blood grouping for transfusion. Citrated serum (containing 1.5 per 
cent. sodium citrate) from Groups II and III is preserved with 0.25 
per cent. tricresol. To test: a drop of Serum II is put at the left end 
of a slide, a drop of Serum III is placed at the right end, then two drops 
of the blood to be tested are obtained by a finger prick and placed 
between the drops of serum, a drop being mixed with each serum. 
Positive agglutination is shown by clumping and is seen macroscopi- 
cally in less than one minute. The group number of the corpuscles is 
obtained by comparison with the result of combinations of reactions 
in the two middle columns in the table. 


Group NuMBER OF COoRPUSCLES 


Serum 
I I] ii (ay 
I 0 ik A | 
II 0 0 7s ke I] 
Ill 0 -|. 0) 4. IT] 
lV Q 0 Q 0 lV 


I I] Ill IV 


Robertson** preserves red blood cells from ten to twenty-six days, 
using them for transfusion as long as there is no hemolysis. He injects 
from 500 to 1,000 c.c. in cases that without transfusion seem hopeless. 
In twenty such cases, eleven patients were discharged improved, and 
two died. 
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The work of Ashby*® on the life of the transfused blood cell gives 
a new conception of the value of transfusion. She uses the blood of 
a recipient transfused with the blood of a group other than his own. 
The specimens are treated with a serum that agglutinates the recipient’s 
corpuscles, leaving the donor’s corpuscles free and unagglutinated. 
The count of these corpuscles indicates the amount of transfused blood 
still present in the recipient’s circulation. The life of the transfused 
red corpuscle is thirty days and more. If this be uniformly true, then 
the stimulation of the bone marrow cells is brought about by the 
increased content of the circulation with its resultant improvement of 
metabolism rather than through the stimulating effect of cell debris. 

Lindeman* estimates the total blood volume in anemias, by taking 
specimens from both patient and donor before transfusion by the 
syringe-cannula method, and a third specimen from the recipient three 
minutes after the transfusion is completed. These specimens of about 
6 c.c. are collected in a calibrated centrifuge tube containing 0.2 c.c. of 
saturated potassium oxalate solution, shaken slightly, corked and cen- 
trifuged twenty minutes at 3,000 revolutions per minute. This deter- 
mines the volume percentage of red and white cells. The amount of 


blood transfused is measured accurately. Then the total blood of the 


mo ; - h—— he 
recipient is calculated by the formula x : 2 —- 
a— 


x = initial volume 

a = red blood corpuscle volume percentage of the initial volume. 
b=volume of new blood given. 

c=red blood corpuscle volume percentage of the blood given. 
1= final red blood corpuscle volume content after transfusion. 


COAGULATION TIME 

Glycerinized extracts from the tissues of a 6 year old child who 
died of hemophilia, and from the tissues of a normal child killed in an 
accident, are studied by Lowenburg and Rubenstone** in an attempt 
to ascertain the effect of internal organs on the coagulation time. The 
blocks of fresh tissue are ground up in sterile physiologic sodium 
chlorid solution, and brought to volume by the addition of glycerin. 
All the tissue extracts from both the normal and the hemophilic child, 
with the exception of the extracts of thyroid and liver, hasten the time 
of coagulation. Howel’s method of oxalating the blood plasma, then 
reactivating coagulation by the addition of a suitable amount of cal- 
cium chlorid, so that the normal coagulation time is from 8 to 12 
minutes, was used. The extracts of liver and thyroid prolong the 
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time and even inhibit the action of calcium added to the plasma to 
produce a clot. 

This finding acquires significance in the light of the discovery of 
two new factors in coagulation, heparin and proantithrombin, which 
have been isolated by Howel and Holt.**? Heparin is a phosphatid 
derived in largest amount from the liver. Its function is to activate 
proantithrombin, and to inhibit the conversion of prothrombin to 
thrombin. These new factors preventing coagulation safeguard the 
fluidity of the blood, preventing intravascular clotting. Variations in 
the amount of heparin may explain the variations in coagulation in 
hemophilia. Proantithrombin is isolated from blood plasma by pre- 
cipitation with acetic acid, or ammonium sulphate added to half satu- 
ration. Heparin is thermostabile and proantithrombin is thermolabile. 

Fornio** has a new coagulovimeter where the index of coagulation 
equals the ability of a given specimen to overcome the preventive 
action of a given quantity of magnesium sulphate. Sindoni* finds that 
the coagulation time is slightly retarded with a slight reduction in the 
viscosity of blood in children with pernicious anemia, chlorosis, kala 
azar, malaria and congenital heart disease. Shattuck*® finds a marked 
delay in the whole blood coagulation time and in the prothrombin time 
during the attacks of serum sickness, with a return to normal follow- 
ing recovery. 

BIOCHEMICAL AND BIOPHYSICAL STUDIES 

The sodiwm chlorid concentration in Cannata’s*® studies on twelve 
normal infants varied in the first twenty-four hours from 0.392 to 
0.434 per cent; within five days it was 0.460 per cent. Courtney and 
Fales*’ consider the sodium chlorid concentration in normal infants to 
be the same as in adults, but the total solids are lower. In tetany the 
chlorids and total solids are slightly higher; while in case of malnutri- 
tion and digestive disorders the chlorids are low, but the total solids 
tend to remain constant. Getter and St. George,** judging from 15,000 
chemical analyses of bloods, claim that, except in conditions with 
complications in the excretory apparatus under which they include 
retention due to deficient blood circulation and retention due to pro- 
duction of large quantities of waste products of body protein as in 
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nephritis, cardiac disease, diabetes, furunculoses, carbuncles and gout, 
chemical analyses for nitrogen partition, creatinin, uric acid, sugar and 
alkali reserve have no diagnostic value. Even in pneumonias they 
could find no definite chlorid retention by blood examinations.. They 
consider as normal blood values: 


Mg. Per 
100 2. Blood 

NORDPOTEIN TITOREN 6 oc. iiss ccseseesarsees BO > Se 
RII I on Sha st hk csi tu aneie nian ie wi meaner 10 - 18 
Creatinin ..... DCI OE RED eldon aa alata aoe 1.1- 0.8 
SRN ais rageew ud Cac uri oa. wens be ee panned 0.5- 3 
BA Ce re eae, Pee ee eda 60 -110 
PEM SONOS rs eletesins aoe adhdn dbausna sion es 53%-80% 


The methods for the estimation of nonprotein nitrogen in the blood 
are still in a process of formulation with as yet no definite stabilization. 
The problem of removal of protein is one of the most discussed points. 
Greenwald* substitutes a 5 per cent. trichloracetic acid for 2.5 per 
cent. trichloracetic acid and kaolin. Morgulis and Jahr®® object to the 
removal of ammonia by the air current, so after removal of proteins 
by precipitation they absorb the ammonia in the filtrate with permutit, 
and release it with sodium hydroxid. Then a measured quantity of 
ammonia is added to the filtrate to make it possible to read the color 
produced by nesslerization in the colorimeter. In six normal subjécts 
there was from 0.27 to 0.14 mg. NH, per hundred gm. of blood. Gad- 
Anderson™ points out that the normal concentration of ammonia in 
the blood is low, and nearly constant, between 0.25 and 0.50 mg. per 
hundred c.c. of blood. Contrary to earlier observers, the ammonia 
content of muscle and blood are the same. Peters®* gives a method 
for the microdetermination of nitrogen by direct nesslerization and of 
total solids in drop quantities of human blood. For nitrogen a few 
drops of blood are distributed in a measured quantity of liquid 
medium and the total blood quantity is acertained by weight; and for 
total solids, the blood is mixed with a suspension of dry weighed 
talcum powder, and is then dried and weighed. This method uses 
from 15 to 30 drops of blood for total nitrogen, nonprotein nitrogen 
and total solids. 

The standards for the normal amount of creatinin and creatin are 
also undetermined. Greenwald and McGuire*®* point out that the 
picric acid method is probably inaccurate owing to the fact that in 
picric acid solutions exposed to light there are developed substances 
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giving color reactions similar to those of creatinin. Shaking dilute 
blood solutions with kaolin removes the creatinin, leaving creatin 
unaffected. The total creatinin (creatinin + creatin) is determined, 
then the creatin and the difference gives the amount of creatinin. A 
comparison of the normal in eleven individuals, using the Folin method 
and the new method, gives by the Folin method creatinin of from 
- 1.12 to 2.2 mg. per hundred c.c., and by the new method from 1.00 to 
2.45 mg. per hundred c.c.; creatin by the Folin method is from 2.93 to 
4.99 mg. per hundred c.c., and by the new method from 1.40 to 3.73 mg. 
per hundred c.c. of blood. The diagnostic usefulness of these deter- 
minations is not established. Hunter and Campbell®* find the total 
creatinin uniformly distributed in the corpuscles and plasma, and within 
the normal limits of 1.0 to 1.4 mg. per hundred c.c. given by Folin and 
Denis; but the creatin in the blood plasma is so far below the creatin 
in whole blood that there is no doubt that the bulk is in the red blood 
corpuscles. If the total creatinin is uniformly distributed, and the 
corpuscles contain from five and one half to ten times the amount of 


shores sc Sicaleaitr rea 


creatin in the plasma, then creatinin must predominate in plasma. 

In determining the calcium content of blood, Howland and Marriot®® 
use blood serum, while Cowie and Calhoun,”® using Lyman’s method,” 
point out the fact that calcium is present in appreciable amounts in 
the red blood corpuscles, so that the results obtained by different 
methods are not comparable without standardization. 

Sedgwick and Kingsbury,°** find that the uric acid content of blood 
of new-born infants increases from birth to a maximum of 3.9 mg. 
on the third day; then decreases to 2.9 mg. on the fifth day; to 1.6 mg. 
from the eighth to the eleventh day, persisting high until after fourteen 
months on a pure milk diet. 

Benedict®® makes slight modifications in the Lewis-Benedict method 
3 for determining blood sugar. Morgulis and Jahr® point out that creat- 
$ inin gives the same reaction as sugar with the Lewis-Benedict reagent. 
In creatinin concentrations of 2 mg. per hundred c.c. of blood, the 
accuracy of the sugar determinations will not be influenced, but when 
in pathologic conditions the creatinin level may rise to from 10 to 
40 mg. per hundred c.c., the Lewis-Benedict method loses its quan- 
titative value. 
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Dubin™ finds in experimental trypanosomé anemia in dogs, that 
the total lipoids in the blood are increased, but lecithin and cholesterol 
are diminished. Csonka® lists the lipoids in human blood as free 
fatty acids, glycerids, cholesterol esters, soaps and the radical of 
lecithin and phosphatid groups. The fatty acids in normal individuals 
are fairly constant. Palmitic and stearic acid and their soaps are not 
hemolytic, but oleic acid has a strong hemolytic action which is sug- 
gested as the cause of anemia in infections with Bothriocephalus latus. 
The unsaturated fatty acids of the blood are exogenous, endogenous 
and desaturated food and depot fat mobilized for transport. Forty- 
eight per cent. of the total fatty acid content, or 0.143 gm. per hundred 
c.c. of blood, are unsaturated fatty acids including oleic and both 
higher and lower fatty acids. In pathologic conditions the proportion 
of unsaturated fatty acids is generally higher than normal, and espe- 
cially in diseases where the hemoglobin content is low, the iodin absorp- 
tion power is increased. 

The most important advance in studies on the blood has to do with 
the oxygen and carbon dioxid content and the relation to hydrogen 
ion concentration and alkali reserve. This opens an entirely new field, 
and materially changes our conceptions of the effect of anesthetics, 
the cause of shock and the effect of acid producing diets. Henderson 
and Haggard** emphasize the fact that the balance between acids and 
alkalies is one of the most important equilibriums of the living body, 
and it is never markedly altered until the organism is practically mori- 
bund. The alkaline reserve equals the carbon dioxid capacity. The 
physicochemical equilibrium is the balance of carbon dioxid against 


NaHCO, to H, that is Cy in the expression. 


Pulmonary 


Ais Blood 


cO.= ——= Dissolved CO. ——"— H.CO; ———— H + HCO; 
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| 
NaHCO: =~’ Na + HCO; 
oo 


When by rebreathing or under morphin the carbon dioxid level is 
increased, the alkali level is correspondingly raised. Under ether the 
level of carbon dioxid and alkali are lowered. Henderson, Prince and 
Haggard™ demonstrate that the lowering of the carbon dioxid level is 
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due to excessive breathing ventilating a large amount of carbon dioxid 
from the lungs, decreasing the carbon dioxid combining power of the 
blood, so that alkali passes out into tissues. This leaves the proportion 
of H,CO,: NaHCO, or Cy less altered. The critical value of carbon 
dioxid is from 33 to 36 volumes per cent. Below this all the vital 
functions are depressed. Excessive artificial respiration results in a 
decrease in the carbon dioxid capacity of the blood and in a lowering 
of arterial pressure. Henderson and Haggard,® checking Cannon's 


‘report that wounded soldiers in shock have a reduced alkali reserve or 


carbon dioxid capacity, succeeded in preventing experimental shock 
in dogs on handling the viscera, by giving inhalations of carbon dioxid. 

Stillman and Cullen® use neutral red as the indicator for determin- 
ing carbonates and bicarbonates in the absence of other buffer sub- 
stances in the blood because neutral red shows a Py value of 7.4 accu- 
rately. Phenolsulphonephthalein has uniformly a Py value of 0.2 or 
0.3 lower than neutral red. Stillman®*’ compares the Van Slyke gas- 
ometer method for carbon dioxid capacity in blood, with the carbon 
dioxid titration method and finds that they agree within less than 
2 millimoleculars of bicarbonate concentration in plasma. Van Slyke® 
gives a formula for the estimation of plasma bicarbonate based on the 
amount of acid and ammonia excreted in the urine per liter, per 
twenty-four hours. 

) 


I aie 
Plasma CO. — 80 — VC 


D=c.c. of 0.1 N titratable acid and ammonia per twenty-four hour unit. 
C=amount per liter. 


Schloss and Harrington® compare the carbon dioxid tension in 
alveolar air, and the Py concentration of urine with the bicarbonate 
of blood plasma. McClendon, von Meysenbug and Engstrand™ show 
that the alkaline reserve in man and dog is remarkably resistant to 
changes in diet, an acid forming diet causing no change in the normal 
alkali reserve of 0.0335 N. in blood. 

Studies on carbon dioxid tension and carbon dioxid capacity in the 
blood plasma are studies of the alkaline reserve or the acid-alkali 
balance. Normal blood contains buffer substances in solution which 
tend to lessen alterations in the hydrogen ion concentration when 
acids or alkalies are added. The buffer reaction varies with the pres- 
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sure of carbon dioxid, according to Debenham and Poulton,” so that 
the volume of carbon dioxid dissolved in 100 c.c. of blood is measured 
and the relationship determined between this and the hydrogen ion con- 
centration. In the acidosis due to altitude, to exercise at an altitude 
and to cardiorenal disease it requires a smaller increase in carbon 
dioxid pressure to affect a given alteration in Py value than it does in 
normal. blood. 

The subject of oxygen tension and oxygen unsaturation is an 
entirely different problem, associated, not with acidosis or with alka-* 
line reserve, but with the combining power of the hemoglobin present. 
Debenham and Poulton” report their findings on the oxyhemoglobin 
dissociation curves in normal men, without attempting to explain their 
values. 

Harrop” considers that an arterial oxygen saturation of 93 to 100 
per cent. of the maximum capacity agrees with the values of the dis- 
sociation curves for oxyhemoglobin, but the tissues are able to take 
oxygen from the blood over a wide range of oxygen pressure. In 
cardiac disease the primary condition of the lungs has an important 
effect on the oxygen saturation of arterial blood during periods of 
decompensation. The normal oxygen consumption is 2.6 or 8.3 volumes 
per cent. In severe anemia he finds the oxygen saturation does not 
differ from the normal, while Lundsgaard* finds that there is a pro- 
portionality between the color index and the oxygen combining power, 
although unsaturation is independent of oxygen capacity, unless the 
capacity be reduced below the normal value for oxygen unsaturation. 
The tissues take from the blood all the oxygen they need regardless of 
whether a large reserve or no reserve at all of oxygen is left. Only 
after all the reserve oxygen is used is there an increase in the rate of 
circulation. When the hemoglobin falls below 30 per cent. the blood 
flow must be accelerated to provide a normal tissue oxygen supply. 

The normal oxygen content of venous blood Lundsgaard™ finds is 
about 13.6 volume per cent., with an oxygen unsaturation value of 
5.8 volume per cent. Ina series of studies on cyanosis™ he finds that 
there is no relation between cyanosis and the carbon dioxid content of 
venous blood; cyanosis being associated with both high and low car- 
bon dioxid values. The amount of oxygen in venous blood also bears 
no simple relationship to cyanosis, but there is an intimate relationship 
between the amount of oxygen unsaturation (the difference between 
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oxygen capacity and oxygen content per hundred c.c. of blood) and the 
degree of cyanosis. When the oxygen unsaturation is below 8 volumes 
per cent. there is no cyanosis; from 8 to 13 volumes per cent. there 
may or may not be cyanosis; but above 13 volumes per cent. there is 
always cyanosis. 

In normal individuals the oxygen unsaturation is zero in the 
arteries, increasing in the capillaries to 5.5 volume per cent. in the 
veins, then decreasing in the lungs to zero— the oxygen unsaturation 
value in arterial blood. When the rate of reduction of oxyhemoglobin 
is increased in the peripheral capillaries, the increase in the venous 
unsaturation is more marked, going to 13.5 volume per cent. When 
the oxidation of hemoglobin in the lungs is incomplete, the arterial 
unsaturation may be 5.5 volumes per cent., increasing to 6.7 in the 
capillaries, and 8.2 volumes per cent. in the veins, returning in the 
lungs to the 5.5 per cent. in the arteries. In polycythemia the color is 
reddish, an erythrosis, rather than the blue of cyanosis, and has nothing 
to do with oxygen unsaturation. The secondary causes of cyanosis are 
incomplete’ oxidation of blood in the lungs, and increased oxyhemo- 
globin dissociation in the capillaries. When hemoglobin falls below 35 
per cent., or an oxygen capacity of 6.5 volumes per cent., cyanosis 
cannot be produced. 

Stadie,*® using both arterial and venous puncture, determines the 
oxygen capacity, oxygen content and oxygen unsaturation. He finds 
the normal for five men at rest to be as follows: 

Arterial oxygen content, from 17.9 to 22.1 volumes per hundred c.c. 
blood. 

Arterial oxygen unsaturation, from 2.8 to 6.3 volumes per hun- 
dred c.c. 

Venous oxygen unsaturation, from 22.7 to 33 volumes per hundred 
Pe. 

In pneumonia cases the venous unsaturation is variable and has 
no prognostic value; while the arterial unsaturation in sixteen non- 
fatal cases of pneumonia showed a mean maximum of 13.9 volumes 
per cent. as compared with a mean maximum value of 32 volumes 
per cent. in sixteen fatal cases. Very rarely does a patient recover 
when the arterial oxygen unsaturation is over 20 per cent. The cause 
of cyanosis in pneumonia is an oxygen unsaturation. If methemoglobin 
were formed, the total oxygen would be reduced instead of increased 
as it is in all but very ill patients or fatal cases. The oxygen con- 
sumption or difference between the arterial and venous oxygen con- 
tent is within normal limits in pneumonia. 
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RED BLOOD CORPUSCLES 

The viscometer is used by Alder™ to determine the volume of blood 
corpuscles, the average size of the separate cells, and the concentra- 
tion of hemoglobin in the red corpuscles. Each red corpuscle carries 
the maximum quota of hemoglobin. The high color index in per- 
nicious anemia is due to the increase in the size of the cells. The 
normal proportionate bulk of erythrocytes is from 42 to 46 per cent. 
The bulk of a single normal red cell averages 88 cubic microns. In 
pernicious anemia the average volume of a red corpuscle is from 119 
to 165 cubic microns and in chlorosis it is 66 cubic microns. 

Palmer** uses a colorimetric method for the determination of 
hemoglobin in which the standard solution is 5 c.c. of a 20 per cent. 
blood, made up to 100 c.c. with 0.4 per cent. ammonia solution and 
saturated with carbon monoxid. The unknown is diluted and saturated 
with coal gas. The accuracy is 1 per cent. Van Slyke’ uses his gas 
apparatus, using the oxygen capacity as the basis for hemoglobin deter- 
mination. The standard 100 per cent. hemoglobin has -an oxygen 
capacity of 18.5 c.c. oxygen per hundred c.c. of blood. Appleton*® 
checks the two methods showing that they are interchangeable and 
equally accurate, and determines the variation of hemoglobin percent- 
age during infancy, usng 103 normal children under 2 years of age, 
90 per cent. of whom are breast fed. The results are best expressed by 


tabulation. 


HEMOGLOBIN DETERMINATIONS IN 103 NorMAL CHILDREN 
Maximum Minimum Average 
No. of Hemoglobin, Hemoglobin, Hemoglobin, 
Cases \ge Per Cent. Per Cent. Per Cent. 
12 1 day 192 141 164 
14 2- 3 days 170 122 146 
14 4- 8 days 157 122 135 
8 9-13 days 174 114 137 
16 2- 8 weeks 143 81 102 
10 3- 5 months 103 75 88 
17 6-11 months 111 73 87 
12 11-23 months 94 60 85 


In infants, then, there is a rapid decrease in hemoglobin during the 
first five or six months, which continues up to the second year, after 
which there is a rise to normal. 
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The fragility of the red blood corpuscle in thirty-seven cases of 
malaria studied by Netter® is decreased during the malarial attacks ; 
and this increased resistance is prolonged and augmented by quinin. 
Chaufford and Hubert*? recommend Ringer’s solution for testing fra- 
gility because different isotonic saline solutions show variation in the 
hydrogen content, so they are not physiologic equivalents. The normal 
hydrogen ion content of the blood in twelve cases studied by Sonne 
and Jarlév** ranges from Py 7.28 to 7.33. 

Graham," in a study of the acute form of Banti’s disease found in 
children, reports a case in a girl, 7 years of age, where the maximal 
resistance of the red blood cell to varying hypotonic salt solutions was 
0.26 per cent. where hemolysis is complete, and the minimal resistance 
0.42 per cent. where hemolysis begins. He advises splenectomy before 
the onset of cirrhosis. Norris, Symmers and Shapiro*® point out that 
since the pathologic changes found in spleens of 314 syphilitic subjects 
with cirrhosis of the liver are identical with the changes in Banti’s 
disease, there is room for serious doubt whether Banti’s disease is a 
true disease entity. Cannon, Frasier and Hooper*® find that the red 
blood corpuscle count in cases of shock may show a capillary count as 
much as 2,000,000 higher than a simultaneous count from a vein. 
Continued capillary concentration is considered a bad sign. 

Investigating the causes for the presence of nucleated red cor- 
puscles in the peripheral circulation, Drinker, Drinker and Kreutz- 
mann*’ find that in normal animals hard exercise does not dislocate 
nucleated red cells from the bone marrow, but that in anemic animals, 
with the increased circulatory content produced by severe exercise, 
there is an increase in the number of nucleated reds in the peripheral 
circulation, or a pseudocrisis. Section of vasomotor nerves, with dila- 
tation of the vessels in the bone marrow, does not result in freeing 
nucleated reds from the marrow. A slight pseudocrisis** occurs 
immediately after saline infusion. True crises occur when there is a 
rapid regeneration of red blood corpuscles, usually the first week after 
hemorrhage. : 
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ANEMIAS 

Schneider,*® in reporting seven cases, says that aplastic anemia 
implies a congenital defect in the form of poorly developed bone 
marrow which fails on demand for blood regeneration, Smith’s® case 
in a boy, 6 years of age, seems to indicate from the splenic picture 
that the prolonged toxic action of measles acted in a culminative fashion 
until there was exhaustion of the bone marrow. Parkinson’s* patient 
recovered following two blood transfusions, the red count being as 
low as 580,000, with only one nucleated red seen. 

D’Espine®*? saw two infants, 5 and 11 months of age, respectively, 
with the true clinical picture of pernicious anemia who were treated 
with “hematopoietic serum” obtained by venesection from animals 
whose blood is at the height of regeneration following extensive bleed- 
ing. Both children recovered. Fifty-six cases of pernicious anemia 
in children are collected from the literature; thirty-two of these are 
due to bothriocephalus or tenia. There are no verified cases of perni- 
cious anemia in infants, and only two cases of essential progressive 
pernicious anemia in older children are established. Morse and Wohl- 
bach®* report a case in a child beginning at 5 years of age, and ending 
with death at eight years. Ascarus lumbricoides was found. The presence 
of hemosiderin granules in the urinary sediment should be an aid in 
the diagnosis of pernicious anemia. Raus** emphasizes the fact that 
urinary siderosis is a renal condition and not a renal disease. Wood* 
calls attention to the occurrence of tropical sprue in this country. The 
blood picture is a secondary anemia with a pernicious anemia color 
index. In the case reported the color index was 1.66, with marked 
variation in the size of the reds, macrocytes predominating, but micro- 
cytes were also present; poikilocytosis is noted, but there are no 
nucleated reds. 

BLCOD PLATELETS 

Thomsen®® counts blood platelets from blood to which a little 
sodium citrate is added. On standing, the erythrocytes settle, leaving 
the plates floating in the plasma from which a direct count is made 
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Pettibone*®* shows that the platelets are deficient in the blood of cases 
of hemorrhagic purpura; prothrombin is slightly diminished in per- 
nicious anemia, and in myelogenous leukemias the prothrombin time 
is prolonged, although the coagulation time is within normal limits. 
Hirose** finds that the power of blood to cause vasoconstriction, after 
defibrination depends, with one exception, on the platelet count. The 
carotid of an ox is suspended and attached to a tambour which records 
the constriction. When the platelet count is under 100,000 per cu. mm. 
if any vasoconstriction is produced, it is slight. Janeway, Richardson 
and Park*®® find that uncoagulated blood, blood plasma and extracts 
of leukocytes and erythrocytes have no constrictor action, but the 
extract of blood platelets contains a crystalloid substance which has a 
powerful vasoconstrictor effect. This substance has no relation to 


any of the factors concerned in coagulation. 


LEUKOCYTES 

Sellards and Baetjer’®® say that organized cells circulating in the 
blood are governed in their distributon by biologic rather than 
mechanical factors. Intravenous injection of bacteria and peptone 
cause a marked leukopenia, the polymorphonuclears collecting in the 
vessels of the viscera, especially those of the lungs and spleen, return- 
ing often in increased numbers to the peripheral circulation. Sudden 
changes in the leukocyte count may be due to a redistribution of exist- 
ing cells, the leukocytes appearing at the beginning of leukocytosis 
being mature. 

Jérgessen’” took leukocyte counts, in six girls from 14 to 15 years 
old, at four different intervals after the first incision in the ear. There 
was a wide variation, the counts immediately after the stab being high, 
an emotional leukocytosis. The differential count was not altered. 
Walker’ gives a formula for the index of resistance in acute inflam- 
matory states in adults. 

(T-10) — (R-70) =I. R. 

T —=digits in thousandths place of the given leukocyte count. 

10 = digits in thousandths place of the high normal leukocyte count. 

P=per cent. of polymorphonuclears in any given leukocyte count. 


70=per cent. of polymorphonuclears in high normal leukocyte count. 
I. R.=index of resistance. 
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A negative I. R. means a disproportionate increase in polymorpho- 
nuclear leukocytes, or that the severity of the infection is greater than 
the reaction. It might be worth while to test this formula for children 
substituting for 10 and 70, the high normal values for the given age. 
Milio,'’* comparing the blood of four normal infants with that of eleven 
infants with sepsis, finds that there is always a leukocytosis with 
infantile sepsis, but it is not always a polynucleosis. 

Bachmann'’* demonstrates a special substance in the leukocytes 
of immunized animals, which fits these leukocytes to contend with the 
infection. The phagocytes from immunized animals show a specific 
phagocytosis even in vitro. Clough,'’® working independently on 
thirty-three cases of acute lobar pneumonia, finds that at the time of 
the crises and following, 85 per cent. show phagocytic activity in the 
leukocytes when treated with the homologous strain of Diplococcus 
pneumoniae and 7/9 per cent. show agglutination. In the serum from 
patients who die, the leukocytes show no phagocytic activity. The 
phagocytic activity differs from the opsonic index in that it concerns 
an active phagocytoses of a virulent pneumococcus organism which is 
not phagocytable in normal human serum. The phagocytic activity 
develops in nearly all patients who recover; it parallels the protective 
power for mice, is specific and limited to the type of pneumococcus 
causing the pneumonia. 

Using lampblack, McJunkin'’® finds that 5 per cent. of the mono- 
nuclear cells which are phagocytic for the carbon particles are derived 
from similar phagocytic cells in the endothelial lining of the blood 
vessels, and are not of myeloblastic or lymphoblastic origin, and should 
be called endothelial leukocytes. 

Lymphocyte reactions form the basis for a series of papers in the 
Journal of Experimental Medicine, January, 1919. Taylor, Witherbee 
and Murphy'” find that large doses of roentgen rays cause a sharp fall 
in the lymphocyte count which reaches its low point forty-eight hours 
after exposure. This is followed by a primary rise, a secondary fall 
and permanent recovery to normal. When the polymorphonuclears 
are affected, there is an initial rise followed by a decrease to below 
normal and then a return to normal. The return of the polymorpho- 
nuclears is complete before the lymphocytes are normal. Taylor'®® 

103. Milio, G.: Pediatria 27:33 (Jan.) 1919. 

104. Bachmann, A.: Rey. med. del Rosario 9:1 (March) 1919; abstr. J. A. 
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107. Taylor, H. D., Witherbee, W. D., and Murphy, J. B.: J. Exper. M. 
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finds a relative and an absolute lymphocyte increase in twenty-five out 
of thirty persons with a solar dermatitis. This is also the explanation 
for the higher lymphocyte count in Caucasians who have lived for 
notes that there are large 


109 


some time in the Philippines. Nakahara 
numbers of cells showing mitotic figures in the germinal centers of 
the spleen during regeneration after destructive injury by heat. It 
seems evident to him that the marked lymphocytosis caused by heat is 
due to an enhanced aetivity of the splenic germinal centers in their 
attempt at rapid repair. Luden‘’® finds that diet may increase the 
cholesterol in the blood, and when this occurs there is a weakening of 
the lymphoid defense. 
LEUKEMIA 

Hedenius,'"' studying leukemia, reports two cases which seem to 
show that hypererythrocytosis and hyperleukocytosis may be different 
manifestations, caused by the same irritant. Cowie and Calhoun,’ 
using intravenous injections of nonspecific protein, find that more than 
one mesenchymal fundament may be stimulated by the same substance, 
so that both myelocytes and nucleated red blood cells appear in the 
circulation. That they do not always appear simultaneously may argue 
that the two fundaments are affected differently. With nonspecific 
protein therapy in cases of arthritis the most marked improvement 
occurred in those cases where there was a definite bone marrow 
response. Thro''* calls attention to the presence of unusual bone 
marrow cells corresponding to Ttrck’s lymphoid marrow cells or 
Naegeli’s myeloblasts in a case of acute lymphatic leukemia where the 
number of nucleated red corpuscles was equal to the number of leuko- 
cytes and the red corpuscle picture was that of pernicious anemia. 
Achard and Leblanc'* tabulate the acute fatal cases of leukemia, 
showing the relationships of the elements of the blood, and the reac- 
tions of the blood producing organs. Dedichen’’ gives two cases of 
atypical leukemia in children, where the course resembled that of an 
acute infectious disease, and although organisms were absent from 
the blood during life, streptococci were found in the spleens at 
necropsy. A third case in a boy, 10 years old, with severe anemia 
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and the blood picture of an acute lymphatic leukemia had the thymic 
tissue replaced by a lymphosarcoma. Weber’ diagnosed a similar 
case of mediastinal leukosarcomatosis with a leukemic blood picture 
by the roentgen-ray shadow. 

Inaba and Ohashi'** report a new microbody, oval in shape from 
2.5 to 3.0 by from 1.5 to 2.0m in size, whose protoplasm is grayish 
white, homogeneous and not transparent with nucleoid corpuscles 
massed at the poles, which was found in freshly drawn blood, from a 
case of acute myeloblast leukemia after treatment with arsphenamin. 
It is suggested that this micro-organism was driven out into the cir- 
culation by the action of the drug. 

Griffin,'* reviewing twenty cases from the Mayo clinic in which 
the spleen was removed following radium treatment for myelogenous 
leukemia, concludes that the duration of the disease is in no way 
influenced by splenectomy. Johnston,'?® studying the blood changes 
after splenectomy in kala azar, finds a new type of cell during the first 
seven days after operation. These cells are the neutrophil polymor- 
phonuclear leukocytes with the “horse-shoe nucleus.” They are prob- 
ably stored cells from the bone marrow and the blood forming tissues 
which are transformed into mature polymorphonuclear leukocytes in 
the circulating blood. They are intermediate forms between the 
myelocyte and the mature neutrophil polymorphonuclear cell. Sel- 
lards'*° finds that blood taken from cases of measles at different stages 
did not produce measles in eight susceptible individuals, even when 
injected intravenously. 

HEMODYSTROPHIES 

Pettaluga’' increases the field of blood diseases by including all 
cases showing a close, often hereditary, connection between the blood 
producing organs and the endocrine system. Under these he lists 
hemorrhagic diathesis, purpuras, hemolytic jaundice, paroxysmal hemo- 
globinuria, hemophilia and scurvy. These diseases are hemodys- 
trophies, where the biochemic abnormalities predominate over the 
histopathologic changes. 

The résumé of Dr. Holmes'** on the anatomy and physiology of 
the circulatory system covers a part of the literature published in 1917- 
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1918 which is not included in this review. The monographic article of 
Lichtenstein,’** summarizing in detail the history, feeding charts and 
blood picture in ninety-two prematurely-born children, unfortunately 
was not available for review. 
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123. Lichtenstein, A.: Svenska Lak.-Sallsk. Handl. 43:1533 (Dec. 31) 1917; 
abstr. J. A. M. A. 70:1046 (April 6) 1918. 


ERRATUM 


In the paper by Edwards A. Park, M.D., and Roy D. McClure, M.D., Bal 
timore, on the “Results of Thymus Extirpation in the Dog, with a Review of 
the Experimental Literature on Thymus Extirpation,” published in the issue 
of November, 1919, after the word “growth” at the end of the tenth line from 
the bottom of page 475, insert the following: 


“or development, and may be the direct cause of prolonged retarda 
tion of growth or development through the entrance of infection,” etc. 
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